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A Work fo Curious cannot 
fail to give extream Pleaſure 
and Satisfaction to all Gene- 
men. Who are Lovers of the 
moſt uſeful Part of \Ph#/oſophy, 
the Experimental | eſpecially 
thoſe who have been preſent at 
theſe Courſes of Mr. Defagu- 
hers, as I = ſelf have con- 
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been entirely owing to Your 
Munificence and Bounty, fo I 
know of no one who has ſo 
great a Right to this Treatiſe as 
Your Self, from whoſe Gene- 
roſity it derived its Being. 


It flys then to Vou for Pro- 
tection, who have merited ſo 
much from Mankind; and 
whoſe NAME will ſhine for e- 
ver Bright amongſt thoſe of 
the BELLE LETTRE: This 
Will be an Honour to Mr. 
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DESsACGCUIIERS, Whoſe Ex- 
periments they are; but as 
acularly ſo to, 


SIR, 


Your moſ obedl ent, 
and moſt faithful 


Servant, 


PAUL DawsoN. 
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| Advertiſement to the R E A D E R. 
By J. T. DzsacuLItERs, AA 4. &c. 


Think my ſelf obliged to give au 
Account of the following Lectures, 
to ſerve as an 777 for their 
appearing before I deſigned to 


publiſh them, 
It is about ſixteen or ſeventeen Years farce 


Dr. John Keil (the preſent Savilian Profeſ- 


ow HEN, Y 4 
— 0 1 * 


fir of Aſtronomy) 05 gave Cour ſes of Ex- 
peri- 


The PREPACx. 
perimental Phrlofophy-tn Oxford; and: being 
defired by ſome lu Auditors 70 give them 
ſomething in Writing upon that Subject, he 
wrote a few Papers to: ſerve them as Memo- 
randums. 1 was his Scholar at the of N 
Conrſe | he guve Aer be dent Beyund Sea ;; 
"cout not then get thoſe Papers. - "Some time 
after he was gone, I was deſired by ſome of my. 
Friends (wha knew, that I had. . applyed my 
ſelf to Experimental Ppiloſipby) to give pub- 
lick Courſes, and then my Auditors defired to 
hade written Lectures. I endeavonred to get 
Dr. Keil, Leclures, (as they-were called) 
which when they were brought 3 me ' Found al. 
tered according to the F ancy and Number of 
the, Tran uſerihers, ., Some Papers telating to ® 
Motion "ſeen? d to be tranſlated . fron. Sir 
Iſaac Newton's Frincipia, the Optical Le- 
Aures , from Dr. G egory - Catoptricks, aud 1 
ſme of the Hint} at ons 1. 700k zo uf 
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The PREPACx. 


be. put in the Method in which they were by 
Dr. Keil. 1 then correfed the Faults, added 


other Propofutions ſo as to make the Book as 


big again as — 2 that it might agree with 
the Lectures I then gaue, and drew ten Ta- 


Blexof: Figures which I gut engraven in Copper 
Plates, that ever) Auditor that was at the 
Pains to tranſeribe the Lectures, might have 
an Impreſſion of the Plates, to ſave himſelf tibe 
Trouble of drawing the Fig igureg. Mr. Daw- - 
ſon (a young Man whom Sir Richard Steel 
had put under my Cure) took a Cipy of the Le- 
Aures above-mentioned, that they't might be of 
Service to him when he went thro my Courſes, 
and they were afterwards: fold and publiſhed 
without my” Knirwledge:” But as. be Book- - 


ſellers * made me Satiofaftion, and purcha- 
ſed the Copy of me, I have* looked over the 


whole Book, and corrected ever y Error there- - 
in; Becauſe 1 was unwilling that thoſe ab 


The PRrracx. 
buy it ſhould find it any wiſe imperFeft , and 
efron that it might be of uſe to ſuch as 80 
thro Cour ſes of Experimental Philgſphyj. 
Tue Reader therefore 1s defired to correct 
the Faults with his Pen, as the Errata di- 
rect, before. he begins to read the Lectures. 
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Ag.1: Lin. 3. r. Ingredients. I. 21. r. or coeval. p. 8. 1. 10. r. Matter at fiſt pull'd. 
p. 14. r. te weigh twelve. p. 17. I. 19. r. Fulcrum B C. p.18.1. 19. r. one Pound at” 
A wilt ſuſtain. p. 19. 1. 19. dele net p. 22. I. 1. r. fix'd Point. p. 24. I. 7. r. Piece, as D. 
1.8. r. CC. at the other End bearing on two Pieces that are higher.” I. 10. r. radius 7 the 
Body. P. 30. I. 4. r. lance is to the Might of the Ballance. p. 31.1. 4. T. Weight of. p. 
33. 1. 15. r. fix'd Point. p. 34.1.8. dele K E G. p. 42. I. 23. r. G-O the Velocity. I. 
ult. r. to G F. p, 43. J. 2 7. E FO & G O which:: p. 44. r. pordur, and of. I. 16. 
dele of the ſecond kind. p. 45.1. 6. dele L. I. 10. r. Power muſt be to. I. 18. r. Helices. 
1. 19. r. Velocity. I. 22 r. is longer. p. 47. I. 7 & 6. r. an endleſs Screw. p. 53.1. 21. 
r. puſbed (by. I. 22. r. Force) towards. p. 54. I. I. r. the Force i 7d. I. 3. r. double” 
Momentum, er Quantity of Motion. p. 55. I. 13. dele with. I. 17. r. times. When. 
ibid. dele (i) after deſcena?. 1. 23. f. inflent of time, as the; p. 36. 1. 7. dele with. 
I. 11. r. 4s the times, p. 62.1. 1. r. Motion. I. 13. r. upon A in the Direction C A. 
„ 63. I. 20. r. B comes #0 A. I. 21. r. the Beat A. p. 65. I. 14. r. forwards, it. p. 72. 
12. r. towards each other with. p. 82.1. ult, dele K E D. p. 84. I. 7. r. above the 
Superficies. p. 86. I. 11. I. exceeds. I. 17. r. immediately oer. I. 19. r: to be nearly. 
I. ult. r. to preſs above. p. 87. I. ult. r. Priſms or Columns. p. 88. I. 1. after B r. F. 
I. 11, r. exafly fitted. I. 13. r. Sides of the Cylinder, let a E be. p. 90. 1. 15. & 91. 
1.6. deleKE D. p. 96. I. 17. r. mount. I. ult. r. exceeded by it. ibid. for Surface r. 
Height. ibid. f. would r. whin they would. p. 97. 1. 3. r. immer d. f. beavier r. 
lighter. I. 9. r. is to the, 1. 14. dele to. I. 15. dele K E D p. 100. I. 5. r. EA D F. p. 
103.1, 12. r. will continue. 1. 22 & 23. r. after having pump d-out the Air. p. 104. I. 
11. r. external, I. 21. r. of 28, 29, or 30 Inches. 1. ult. r. leſs than 28 Inches. p. 105. 
I. 10. r. C P. will be. 1. 11. r. C ſhall ſuſtain. 1. 22 & 23. r. as before, is Gravity act. 
ing partly: p. 106. I. 1. r. depends. 1. 11 & 12. r. f 28 er 30 Inches. p. 107. I. penult. f. # - 
r. would. before to r. be, p. 108. 1.7 & 8; r. 29 er 30 Inches. I. 10, 11, 12. remain at 28, 
29, 30, or 31 Inches 2 109. 1. 10. r. the different Gravity of the Air, and therefore ſore- 
tells foul or fair Weather. p.111. 1.13. r. longer Tube more than in the ſhorter. 1.17. r. re- 
eurved Tube, p. 113. at the end of 1. 2. add, That ſhews that Pillars of Air of equal Baſis 
and equal Heights balance one another. I. 3. r. Þ will riſt by ſucking it thro' a Crane or 
Syphon, but not. 1.4. r. Height as Water: 1. 17. T. reſtitutive. p. 117. I. 3. I. reſtitutive. 
p. 118. after loft line, r. if they be let down 100 ſuddenly. p. 120, I. 1. r. Tube. p. 121.1, 
16. r. the Syringe is left, p. 123. I. 5. r. made uſe of it (but according tothe Alterations 
that I have made in it ſince it has been in my Poſſeſſion.) p. 124. f. Cleft r. Cloſe. p. 125. 
I. 19. f. left r. ſoft. 1. 23. r. let the ſoft Leather. 1.24. r. that by the Preſſure. I. ult. 
le the more. P.129.1.7.r. hanging aWeight. p.130.1.6.r-will not ſubſide. 1.12.1. flaccid Blade - 
der. p. 134. J. 5 k. the Cock. 1.9: r. Hygrometers. p. 135. I. S. r. ftted. 1.10. r. 3 Luches. 1 
at zo, ſometimes at 29. 1. 12. dele ſometimes it will ſink to 27. 1. 15 & 16. r. to the 
Suantieꝝ of Matter, it . p. 136. I. 10. f. Society r. dArvdemyelo13-£, in r. in. p. 13 Abs ; 
*- fring. 


E R RAT A. 


| E,String r. Chain. p. 143. I 11 & 12. f. ig reBlified... p. 148. I. 2. r. niet Balanté. 


p. 149. J. 6. f. vertical r. virtual. p. 150, I. 7. r. t a B. J. 11. r. the Angles B Da. 
p. 151.1. 23 & 24. r. E F, and form au Image behind it, and this. p. 1 53. I. 2. r. be. 
fore the Glaſs. p. 156.1. 7 & B. r. the Angle of Refraction, I. 20. r. if the Light. p. 157. 
J. penult. r. the Perpendicular, in the Line H E. p. 158.1. 3. r. towards D, and. I. 7. r. 
which is. I. 14. f. therein r. c hereof. p. 159. I. 14. f. Nivergence r. Convergence. I. 20. r. 
a Line parallel to the. p. 160. I. 21. r Goſucceftory Sen, b. led c, it will. p. 162.1. ult. 
r. greater in Proportion to its Diſtance from the Eye than. p. 165. I. 11. r. from A wil 
enter. ibid. f. F r. as if they, I. 18. r. at b a nearer. p. 166. I. 4. after called r. the Itis 
of the Eye, which 177 of the Uvea. 1.5.f. r. is. 1. 16. dele-by; p. 171.1. 1 F. 
Angle d C b. I. 6. f. of r. at. 1.17.f.17 r. ſee. p. 178. J. 6. f. Concave r. Convex. I. Er. 
r. which is ſeen under a greater Angle. p. 181. r. 4 5 inſtead of a b throughout the 


whole Page. p. 182. 1. 1. r. is greater. I. 4. r. 4 fl. I. 11. f. under r. on. I. 12. r. he 


Eye ſubtends the ſame Angle a. A B. I. 14. r. 1 4, K. I. 20. r. 16 4 f. I. 21. r. 2 E #, 
P- 183. r. 4 4 inſtead of 2 % throughout the whole Page. p. 184. I. 6. f. Convex L. 
Concave. I. 9, 10, 17. r. 4 6 for 1 1:18. f. vertical r. virtaal. p. 185. I. 1. r. 76. 
1. 4. r. t 4 F E. I. f. r. the Image * 6. I. 8. & 11. f. virtical r. virtual. p. i 86. I. 9. dele 
's b. I. 12. before Image r. laſt, dele a b. 1. 13, 14. . Point of it may enter. I. 20, 21. 
r. and the laſt Image is in the. p. 188. I. 16. r. the Glaſs, as in Figure 3. 1. 21. r. Fig. 
2. p. 189. I. 10. f. it r. the firſt Priſm next the Min low refracł. I. 22K 24. f. refracted on r. 


reflected by. p. 190. I. 1. r. particular Colour. I. 9. f. curiouſly r. copiouſly. p. 191. r- in- 


dow, Plate 10, Fig. 7. I. 4. r. an Angle, with a perpendicular to the Paper. p. 193. I. 1. 


f. Hooks r. Hoops, I. 16. f. thirty Pound r. an hundred aud thirty Pound. p. 197. J. 21. f. 
r. ie. p. 198. 1.3; after Orbit r. it. VVV | 
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Experimental PHIL OSO Hv, 
| PROV'D BY 


MECHANICKS. 


NATURAL Philoſophy is that Science 

which gives the Reaſons and Cauſes of 
the Effects and Changes which natu- 
rally happen in Bodies. 

And that we may not be deceived by falſe No- 
tions which we have embraced without Examin- 
ing, or that we haye received upon the Autho- 

B _ rity 


/ 
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tity of others; we ought to call in Queſtion all 


ſuch things as have an Appearance of Falſhood, 


Truth. 1 | 5 — 
I his Examen is to be made by Suppoſitions, 
which we may rely upon, when they agree with 
Experiments; but if only one Experiment is con- 
trary to any Suppoſition, that Suppoſition muſt 
be rejected, and a new one made, till we find that 


uf «ga with all other Experiments. Therefore, we 


muſt not go about to define a Cauſe, unleſs we 
know its Effects; or lay down a general Propoſi- 
tion, if we doubt of any of the Particulars ir 
comprehends, leſt we run into Errors and take 
things for granted, which have been found con- 
trary to Experiments and Mathematical Demon- 
ſtrations. An Inſtance of this may be given in 
what has formerly been ſaid about Far and 


Cold, vig. That Heat unites homogeneous Bo- 


dies, and ſeparates heterogeneous Bodies; and 


that Cold unites heterogeneous Bodies, and ſe- 


parates homogeneous ;; all which we find to be 
falſe in ſeveral Inſtances. 8 

I. Mix and Melt Gold and Silver together, 
and the Fire will not ſeparate them ; neither will 


It 
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that by a new Examen we may be led to the ⁵⁶ 


it ſeparate two Parts of Braſs mixed with one of 


2. It rather unites, than ſeparates ſuch hetero- 
geneous Bodies as have an aptneſs to Coalition; 
as in making Plaiſters and Ointments, &c. and 
in uniting Salt-Petre and Aſbes, into ſo durable 
a Body as Glaſs. 2 | VET N yt 
Fire only diflocates the Parts of Bodies, and 
ſubdivides them into minute Particles, without 
reſpect to their being Homogeneous or Heteroge- 
neous; which: is evident in boiling Mater, or o- 
ther Liquors, whoſe Steams condenſe to the ſame 
Subſtances again. And in Diſtillation, where all 
the Parts are in a Confuſion upon the ſlackening 
of the Heat, or the — | 

driven into the Receiver, they rake Place accord- 
ing to their _ Grawvities. Such Parts alſo, 


as are moſt eaſily Separated, are ever carried firſt off 


as in the Diſtillation of Man's Blood; firſt Wa- 
ter, then Spirits and Salt, then Oil. The Earth 
and Alkali remain together, becauſe of an equal 
Degree of. Fixedneſs, tho Heterogeneous. Cold 
does not always unite heterogeneous Bodies, but 


ſeparates em; as in the Urine of healthful Peo- 


ple it cauſes a Sediment, which is again diſper- 
B 2 ſed, 


ng from it when 


1 
U 
; 


[4] 
ſed, and made to diſappear by Heat. And by 
Froſt, the Strength of Mine is ſeparated, and un- 
frozen in the middle of the Veſſel. Strato, 
Duſt, Wood, &c. are no farther united in Ice, 
than as they are fettered up in the frozen Mater. 
Buy Elements, tlie 1 meant moſt Him- 
ple Bodies, of which they ſaid, all the Bodies 
we (ce, are made, and which may be extracted 
from all Bodies. But they have been miſtaken 
in conſtituting their Elements, . becauſe they did 
not ſo much explain the Nature of things, as 
what Senſes thoſe things excite in us. 
They that conſidered things as they affect the 
Sight, made only two Elements; the Lucid and 
Opaque; tho they gave but a blind Account of 
Light and Colours. 1 
The four Elements that have obtained ſo long, 
only expreſſed the ſeveral ways that our Touch is: 
affected ; for thoſe that eſtabliſhed them, conſi- 
dering Heat and Cold, Moiſture and —_— 


{uppos'd 'em the Properties and primary Quali- 


ties of all Bodies, and accordingly conſtitured 
tour Elements. e 


(5] 


The Eb oth 4 8 7 
The Water, Cu gn vid and Moi ſt, 
The Air, ney luppojed Hot and Moift, 
The Fire. | | Hot and Dry. 


To illuſtrate this Doctrine, and prove that 
theſe are in, and may be extracted from Bodies; 
they uſed to burn a piece of Green-wood, and 
call the Coals and Flame, Fire; the Sweat, Wa- 
ter; the. Swoak, Air; and the Aſbes, Earth. 

But theſe cannot be Elements according to 
their Definitions, for they are not Simple and 
Unchangeable, but may be altered and produced 
de novo; the Smoak, which they calbd Air, may 
be condenſed into a Liquor; the Fire is only 
3X ſubtile Matter in a rapid Motion. 

4 The Moai#ture will produce Caput mortuum, and 
Ci The .4/bes, which they call Earth, will make 
Glaſs. Saab? Hom 
Beſides, ſeveral things are not reducible into 
four heterogeneous Bodies, as Gold, Silver, Di- 
amonds, common Glaſs, Venetian Tall. Tho' 
They and the Cyymiſts have often endca- 
vour'd it, and if they could do it, yet they 


[6] 


lt could not prove their Elements to be unmixed, 
| becauſe Experiments ſhew the contrary, The 
| Chymiſts. Principles , are Salt, Sulphur, arid Mer- 
cury, Which. they call *theit Elements, but as er- 
roneouſly; for theſe cannot be had. from Glaſs, 
| Gold, Diamonds, Sand, &c. or may be deſtroy- 
ll ed and produced de:novo.: 1 oo 
Mr. Boyle affirms, that Q wick-filver has, been 
turned into Water, and Sulphur altered; and 
| that the Mercuries, _— and Salts of rhe 
. Cy miſts, are not Similar Bodies; whereas, to be 
Elements, each ought not to differ from thoſe of 
the ſame Name, more than Drops of Mater do 
from one another. Others add to theſe three 
Principles, Caput mortuum and Phlegm; that is, 
Mater and Earth; but theſe five are produceable 
even from Mater alone; and Art can of two E- 
lements compound a Body, as durable as any in 
the World, vir. Glaſs made of Aſbes, that hath 
only Salt and Earth. f Ni} 
The Doctrine of Acids and Alcali's, is as 
faulty as the foregoing ; for none of theſe Hypo- 
theſes can account for Firmneſs and Fluidity, the 
Phenomena of the Load: ſtone, the Formation of a 
Fetus, Sounds, and a thouſand other things that 
fall under the Notice of a Philoſopher. And 


TH 2 
- And as long as the CHiniſts or any other Philoſo- 
phers endeavour to explain things by a Number 
of mixed Ingedients in a State of Reſt, they will 
be deficient ; ſince the greateft Part of the Affecti- 
ons of Matter, and conſequently che Phænome- 
na of Nature, ſeems to depend on the Motion 
and Contrivance of the ſmall Parts of Bodies. 
That Philoſophy therefore is the moſt reaſona- 
ble, which teac hes. ne eee 


* o . 


I. That the Matter of Natural Bodies 1s the 
ſame; namely, a Subſtance extended, diviſible, 
and impenetrable. e. 
2. That ſince there can be no Change in- Mat- 
ter, if all its Parts were at Reſt among thernſelves 3 
to diſtinguiſh the general Matter of the Univerſe, 
into a Variety of natural Bodies, it muſt have 
Motion, in ſome or all of its Parts, which ruſt 
be variouſly determined. And the“ it is manifeſt 
to Senſe, that there is a local Motion in Matter; 
yet Motion is not included in the Nature of 
Matter, Cœval with it; Matter being as much Mat- 
ter when at reſt, as when in Motion. And tho it 
be 2 diſputed, how Matter came by that 
Motion, by thoſe who acknowledge not an Au- 
thor of the Univerſe ; yet ſince a Man is not the 


worle 


— 
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worſe N aturaliſt for not being an Atheiſt; we 


allow that the Origine of Motion in Matter, as 


well as of Matter it (elf, is from GO D. 


3. That local Motion is the chief Principle a- 
mongſt ſecond Cauſes, and the chief Agent of 
all char happens in Nature. Bulk, Figure, Reſt, 
Situation, and Texture, being the Effects of 
Motion; as in a Match or Clock it is Motion 


therefore that makes all uſeful. 1 


Des Cartes ſu E as fixt, let it be pulled 
into pieces of what Shape any pleaſes to imagine; 
we will ſay Cubick, as moſt obvious. Then eve- 
ry one of theſe Parts being turned ſwiftly round 
its own Center, and alſo about another Center 
common to all the Parts; the Corners muſt be 
wore off of ſeveral of theſe Parts, and a fine Duſt 
be made by that Friction. The ſmall Duſt is 
the Materia Subtilis, or firſt Element; The Cubes 
that have been rubbed round into Globules, 
make the ſecond Element, of not ſo ſwift a Motion 
as the firſt, which is agitated between the Interſti- 
ces of the Globules; The Cubes that have not loſt 
their Shape, by having their Angles much broken, 

make the third and unactive Element. 


To 


2 ” 4 
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- 


7 TI 
To illuſtrate this Hypotheſis, take Cubes of 

Clay, and ſhake. them together in a round Box, 
till ſome of them are become pretty near round; 
the Duſt repreſents the Materia Subtilts, the roun- 
deſt Pieces the Globuli of the ſecond Element, 
and ſuch as have not much changed their Shape, 
the third Element. 1 45 We IO 
z Tho' this Hypotheſis may ſeem ingenious e- 
nougz at firſt, yer if duly weighed it will appear, 
2X inconſiſtent with Experiments, and the Laws of 
Motion. Take a Dozen or two of Cubes of any 
2X bigneſs, for Example, ſome of an Inch, ſome of 
. baff an Inch; and having ty'd a Thread to each, 


and all the Threads to the Center of a round 


Table, made to turn caſily upon a Pivot; (as 
the Table of Plate 3. Fig. 5.) as ſoen as you have 
given the Table a ſwift Motion round its Cen- 
ter, all the Cubes will recede from the ſaid Cen- 
ter, and ſtretch the Thread; which ſhews they 
cannot grind each other into Globules; ſince by 
reaſon of their centrifugal Force, by which they 
are whirled round one common Center, they muſt 
recede from each other. 5 

If we ſuppoſe any ambient Surface to make a. 
Reſiſtance (as the Box does in the Caſe of the 
C | Cubes 


” T1 ey 
Cubes of Clay) then cither the Cubes touch one 
another before the Motion begins, or they do 
not. If there be a Plenum (as Cartes believes) 
the Cubes touching one another in all the Parts 
of their Surfaces, cannot grind each others Cor- 
ners off by a particular Motion in each Cube; 
but muſt all move together, and become one Bo- 

dy, as before the rude Lump of Matter was ſup- 

oſed diſtributed into Cubes. If there be any 
Spaces between the Cubes, there muſt be a Va. 


* 
- 
- 
* 


cuum (which Cartes denies) or that Space muſt 
be filled with a Rear yielding Matter; which 
would be ſuppoſing the Materia Subtilis, before 
r 
ter to be Homogeneous, which is before Sup- 
poſed... *E „ 
That Firmneſs and Fluidity, Heat and Cold, 

Odours, Savours, Colours, and Sounds, depend 

upon the Snape, Size, and Motion of the Parts, 
may appear from two cold Things producing 
Heat ; as Oil of Tartar per. Deliquium, poured on 


Oil of Vitriot, will cauſe it to boil and fume, 


C. ee eee 
A ſolid Body will Ioſe its Smell and Firmneſs, 
by the Infuſion of one Liquor, and recover both 


. 
by the Infuſion of another. As Camphire will be 
diſſolved, and loſe its Scent, by the Infuſion of Oil 
of Vitriol; but by pouring on Water, the Smell 
and Solidity will be reſtored.” Sa Armonack 
diſſolved into Water, makes a Mixture colder 
Water will be fo rarified by means of an . 
olipile, as to become lighter than Air; and if the 
Hand be held near the Mouth of the Holipile, 
the Water that ſtrikes on the Hand, will again be 
condenſed, and become as heavy as at firſt. Se ve- 
ral more Experiments prove this Hypotheſis. 
Now if Firmneſs, Fluidity, Heat and Cold, 
Smells and Savours, depended only upon a 
2X Mixture of Ingredients; as ſome affirm ; then firſt, 
X two cold Things would continue Cold when, 
mixt. Stondl A Liquor without Smell would 
not give Scent to another Liquor. Thirdly, Two: 
Fluids when mixed, would continue Fluid ; bur 
the contrary is ſhewed by ſeveral Experiments. 
The Extenſion of Matter, and its Impenetra- 
bility, are ſelf- evident; and its Diviſibility ap- 
pears from the Ductility of Cold; for an Ounce 
of Cold will guild a large Piece of Silver, which 
when drawn into Wire, will likewiſe then be all o- 
N | C2 TS. 
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12 
ver guilded, tho the Wire be ſo. ſmall, as to 
reach above A Hundred and fifty Miles. See an 
Account of the Ductility of Gold, given in ſquare 
Lines, in Clarke's Rohault, Part 1. Chap. 9. 

A Candle ſeen by a whole Multitude, ſhews 
the Diviſibility of Matter to be infinite, becauſe | 
the Rays of Light muſt enter every Man's Eye; 
for — thoſe fine Parts of the Fluid made an 
Impreſſion upon the Retina of the Eye, the Can- 
dle would not be ſcen. 
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MECHANICAL PRINCIPLES. 


a HE Quantity of Motion which we 
Ke. ſometimes call the Momentum, or 
Al ſometimes ſimply Motion, is that 
Force or Energy by which a Body 
changes its Place. Therefore we. ought to tale 
care leſt we ſhould confound Motion and Velo- 4 
city together; becauſe ſome: People think, one 
Body to have more Motion than another, whe 4 
it moves faſter, altho it ſhould be leſs than 0 


other 


= 


— 


o 
4 
— : . 


p 


| 


locity) and therefore the One Pound \ 

the Body which has the leaſt Quantity of Matter, 
cannot be ſaid to have more Motion in it than 
the Two Pound Weight 1 the Body which has 


twice the Quantity of N 


; - 


47 


7 


nr 
4 
20 
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other; whereas it may only be ſaid to have more 
Velocity, Celerity, or Swiftneſs. But Motion is 
always eſtimated from a Conſideration of the 
Quantity of Matter in a Body, and its Velocity 
together; fot the ſame Force which will throw a 


uo Pound Weight three Yards (or give it three 
Degrees of —_— will throw a Weight of 
; (or give don of Ve- 


One Pound ſix Ya 
Weight, or 


faſt again: For it we confider, that when the 


Force or Motion, which is able to carry one 


Pound fix Yards, is ppg to a Two Pound 


Weight, cach Half of the Two Pound Weight has 
an equal Share of this Motion (now diſtribu-: 


red) it will be: plain, that the Two-Pound Weight 


X ought to be carried but three Yards. The Quan- 
Z tity of Motion may be increaſed, either by keep- 
ing the ſame Quantity of Matter, and augmen- 
ting the Velocity, or by keeping the ſame 
Velocity, and increaſing the Quantity of Mat- 


ter, or by increaſing both; and therefore the 


abſo- 


atter) tho' it moves as 


— . ——-— — — — 


abſolute Eorce by hich Bodies: are moved, is 


the Motion of any great Body, vix. If the Ve- 
the Velocity of the great Body - as: che Quantity 
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known? by the Multiplication of tlieir Celericiey 
de S £2151 ,Mmte their Matter or Weight. 
NBA s for Example, in the two 
IJ Badirs, A and: B, let A be 
fie Pounds, ande two. 


LH 4 14 1:12: Ahenthe Degrees of Motion: 
in A will be thirty, and B will have eigth De- 
grees of Momentum, or Motion. JA) 913-5204 
. Suppoſe A to have twelve, and B two Pounds; 
let A have four Degrees of Velocity, and B thir- 
ty, the Quantity of Motion in A vill be forty- 
cight, and in B 60, From hence it ifoHows, that 
any little Body may have its Motion equal to 


locity of the little Body is ſo much greater than 


of Matter in one is greater than the Quantity f 
Matter in the other, (i. e) when both Bodies A 

their Velocitics reciprocally proportionable to 

their Weight, Their. Momentu, on. Quantities of Mo- 

- if x tion 4 

| 


3 ther ſo that the: Feather: which has 1000 times 
les Matter than the Lend, W. 

4 ti 

che Lead being 1000 times greater than it. 


Y | Gravity is the Cauſe Of the Deſcent o 25 both: 
Therefore there is 1000 times mote Gravity re- 


. 
a» 
5 1 
Bos 


251 


tion will be cqual. As for. Example; c let A. be 


fifty. Pounds, and B twq:Potindsi; let the Velo, 
ſame Proportion to 2, 8.5 has to 3; and 
therefore the Quantity of Motion in A, which is 
zu times 50, ot 150, is equal to the Motion in 


B, which is twice 75, ot 150. If the Velocitiecs 


of Bodies are equal, their Quantitics.. of Motion 


will be; as their Matter, which is contained in 


them; and irhercfore ſince all Bodies (abſti acting 


from the Reſiſtance of Air) deſcend equally faſt; 

the Motion which Bodies acquire by al 

ty in deſcending, will be; as; their Quantity of 

7 Matter. - As -a Feather deſcends. as: faſt in vacun 
as a Pound of Lead; but ſuppoſe the Lead 


eir Gravi- 


1000 times heavier than the: Feather, the Momen- 
tum of the Lead will be 1000 times greater; 


quired to make the: Lead deſcend, than the Fra- 


deſcend with as 


great Velocity as the Lead, the. Momentum of 


- 
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And conſequently, ſince all Cauſes are pro- 
portional to their Effects, the Gravity of Bodies, 
which produces their Motion downwards, will 
likewiſe be proportional to the Quantitics of 
Matter in Bodies; and therefore the Quantity of 
Matter in any Body, may be- eſtimated - by its 
Weight; and therefore if an Inch of Lead he 6 
times heavier than an Inch of Mood, there muſt 
be 6 times more Matter in the Inch of Lead, 
than in the fame bulk of Mod; and hence may 
be drawn a good Argument for a Vacuum. For 
tho we ſhould grant the Exiſtence of Materia 
Fubtilis; yer ſtill the Queſtion will return, how 
this Matter comes to be ſo fine, but by having 
r ft t f 
We muſt then alſo ſuppoſe the Pores of all 
Bodies to go in a ſtrait Line, and Horizontally; 
and they muſt always be ſuppoſed to move in the 
ſame ſtrait Direction; otherwiſe the Materia 
Subtilit would be reflected, and fo conſequently 
not fill up all the Pores ; ſometimes hindering, 
and ſomerimes not hindering” the Gravity of a 
Body; ſo that the ſame Body would be more or 
leſs heavy, as its Pores lay in a horizontal, or 
contrary Poſition. The whole Effect of Mecha- 


nical 


LY 
nical Engines, is to diminiſh the Velocity of the 
Weight to be raiſed, ſo that the Quantity of 


Motion it will have, may be no more than the 


Quantity of Motion in the Power that raiſes tlic 

Suppoſe a Man can raiſe by his Strength, with- 
out an Engine, only ten Pound Weight, with a 
determinate Degree of Velocity; it's not poſſible 
for him with any Engine to raiſe a hundred 
Pound with the {ame Velocity ; yer by the Ap- 
plication of an Engine, 4 Man can raife a Hun- 
dred Pound, with the Ioth Part of that Velocity. 
Plate 3d. Fig. 1.) Now all that the Engine 


does, is to diminiſh the Velocity of the Pondlis, 


ſo as to make its Motion no greater than the Mo- 
tion of the Power railing it, as may be ſeen in 


the Vectis, which we ſuppoſed as a Mathemati- 


cal Rigid, or inflixible Line, only moving round 


the Point C, which is called the Fillerum, B C, 
and C A are called the Brachia. In the Statera, 
the two Brachia, (tho the one be longer than 


the other) are equally heavy; and conſequently 


B C keeps in Equilibrio C A, which is divi ed in- 
to 10 Lengths, each of which is equal to B C. 


O 


Let Q be the Weight 3 is to be found out 
ri by 


£197] 
by hanging any given Weight P upon the Bra. 
chium CA, and moving it up and dovn, till it 


0 * ” * 


* 


makes an Equililrium, you will find out the 
Weight Q; for. ſince P in the Diſtance 5, is E. 
uiponderate with Q, it follows that Q is the 
Quintaple of P, as. is here Demonſtrated. | - 
Nou ſuppoſe that if the Brachia ate equal, a 
Man could only raiſe, ten Pounds; then I ſay, 
that if you alter the, Brackia, and make C A 10 
times longer. then B. C, he can by this Engine 
raiſe a Hundred Pound ; for, becauſe B 2 is 
but the Ioth Part of C A, the Space B b will be 
but the Ioth, Part of A a, and conſequently 


when B moves, it will have but the 1 oth Part of 


the Velocity of A; but by Suppoſition the Force 


of A is ſo great, as to raiſe, by that Velocity a 


Body gf Ten Pounds; therefore it will raiſe by 
the * of that Velocity a Body of a Hun- 
dred Pounds. From hence it follows, that the 
Weight at A will weigh 10 Pounds, placed at B; 
for, becauſe A a is 10 times greater than B b, the 


Velocity of One Pound at A, will be JO times 


dener than the Velocity of Ten Pounds at B; and 
therefore their Quantities of Motion will be e- 


qual, they being reciprocally proportional to 


C{ their 


| _ 1 
their Weight. Since then, the two Bodies have equal 
Momenta, or Equal Forces that moved them; 
theſe Forces being contraty, or acting contrary, 
the one to the other, will deſtroy one anothers 
Motion, and keep an Equilibrium. 
A Point in any Body ſo placed, that all Mat- 
ter on evety Side Gravitares equally; is called 
the Center of Gravity of that Body; the Center 
of Gravity is not always the Center of e Magni. 
tude, as in the : Sfafera Romana, where it's not 


XZ rcquired that the ſhort Brachium ſhould have an 


equal Quantity of Matter to what the long one 
The Center of Motion is that Point, round 
which if a Body moves, every, Point of it de- 


(ſcribes Circles, whoſe Centers are in the Center o 


Motion. The Center of Gravity of all Bodics 


derſcends as much as it ean; and if a Body be 
ſuſpended by its Center \of *Gravity, it will not 


retain any given Poſition; for in that Caſe the 
Center of Crawity cannot deſcend. If the Center 


/ Gravity be different from the Center of Mo. 


tion, and then if the Center of Gravity be put 
out of the Perpendicular, the Body will turn 
round till the ſaid Center of Gravity be juſt un- 

21 - 1 


„„ _ 
der the Center of Motion, for then it has de- 
ſcended as much as it can. 

Plate 3d. Fig. 2d. Let A B be a Beam, whoſe 
Center of Motion at m is above the Center of 
Gravity c, if it were turned out of the horizon- 
tal Poſition, the Center of Gravity muſt aſcend, 
Suppoſe to k; and therefore if the Body be left 
to it ſelf, twill turn round, till the Center of 
Gravity comes again to its former Poſition. 
In a Balance the Axis, and the Center of Mo. 
tion is a little above the Center of Gravity ; for 
if it were exactly in it, it would retain any given 
Poſition ; but by being above it, the Beam of the 
Balance when in AÆquilibrio, muſt ſettle it ſelf 
in an horizontal Poſition. 


The Center of Motion may be put below the 


Center of Gravity, but if you move them ever 


ſo little our of an exact Perpendicular, the 
Scales will not be in an Equilibrium; but as ſoon 
as you let the Balance — freely, the Center 
of Gravity will get below the Center of Mo- 


Jon. : 
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MECHANICAL POW ERS. 


DEFINITIONS. 
7 Weight is any Body to be raiſed, or 


E. mov d. 
3 == 2. A Power is that Force by which 4 
3 Weight is raiſed, whether it be a Force that Draws, 
or Puder or Strikes, or a Weight which Crawi- 
tates; for a Weight is a Power, in reference to the 
= heavy Body which it may move. 
3. The Abſolute Gravity of a Body, is its En- 
= deavonr to a" in a free Medium. 
= 4 The Relative Gravity 1 4 Body, is its Endea- 
vour to deſcend when it touches, ſomething elſe be- 
ales the Parts of the Medium; afid that is al- 
3 ways leſs than the Abſolute. 
F. Equilibrium, 16, ohen there is the ſame 


te Weight; becauſe theſe Motions being contrary, 
the one deſtroys the other. e 


of that Power ma 


229 


6. The Center of Motion, Fulcrum, or firſt Point, 


are all the ſame. 


7. The Line of Direction of a Power or Weight, 
is that in which it endeavours to move. In a'heavy 
Body the Tight Line, by which it endeavours to de- 


ſcend. In a Power, the right Line by which 4 
Power draws or puſhes aWeight, (Plate 1. Fig. 1.) 


If C draws A over B, BC is the Line of Di- 
rection of. the Power, and A that of the 


Weight, by which it reſiſts the Traction. 
8. 


; he * of 4 | Power. fo a Vectis, * 
Leaver, is the 2 which the Line of Direction 
es with the Leaver, as the An- 


* — A 6 N 


gle AB E in Fig. 2. A 
9. The Diſtance of a Power or Weight is a 

Line drawn from the fixed Point ped Poniculay to 
the Line of Direction, as C F, Fig. 2. Plate, 1. 
10. In all regular and homogeneous Bodies, the 
Center of Gravity 4 in the Center of Magni- 
tude. | 9 1 

SUPPDSITION Ss ie 


1. We muſt ſuppoſe the Earth flat, becauſe the 
greateſt Engincs are but as a Point, when compared 


with the Surface of the Earth. | 
2. When 


1 23 
2. When heavy Bodies fall freely, they make 
Lines perpendicular to the Earth, meeting in the: 
Center of the 2 and oe we are to ſuppoſe 
Parehl. i. 10 
3. Tho' Engines are imperfect, we muſt ſuppoſe 


* © 


them perfect; that by (uch a Suppoſition we may 

— out rohat fl Ado, 12 Bodies Se 

perfectly hard, (ſmooth and homogeneous. Lines 

ſtrait, without Weight, Thicknefs; or Hlexibilily, and 

Cords. extreamly pliable. | 
AXIOMS. 

1. To raiſe aWeight-with an Engine, the Velo- 
city of the Power muſt be increaſed and that of the. 
Wiight hb.. = rl 

2 The Center of Gravity always deſcends as 
la 65. u h —ͥ -S E 
3. A Body can fall no lotver than it is, unleſs 
its Center of Gravity deſcends. „ 

4. If all the Weight. of 4 Body was reduced in- 
to its Center of Gravity, it would move as be- 


m—_ 


Propo- 
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Propoſition I. Problem. 


How to make a heavy Body ſeem to riſe of it ſelf. 


THE Body muſt be a double Cone of 
| Wood, or or ſolid Matter, as in this Fi- 


gure. Set two long flat Pieces of 
> Wood on a Table, croſſing each other 
7 at one end on another Piece (Plate J. 
Fig. 3.) as C CP, ſo as to raiſe them almoſt as high 
above the horizontal Plain at the other End, as 
is the Difference of the Radius at A, and that at 
B; then lay the Body A B A upon them at D, 
where they muſt meet in an Angle, and it will 
roul up to C, if the Diſtance C C be no great- 
er than the Diſtance A A. The Reaſon follows: 
When the Body is laid on at D, the Center 7 
Gravity, which is in the middle of the Diameter 
B A, where it's cut by the Axis (Plate 1. Fig. 3.) 
A A ( becauſe the Body is Regular and — 
neous) is higher than it is when the Body has 
rouled to CC. Now becauſe the Center of Cra- 
vity endeavours to fall as low as it can, the Body 


will roul to CO where it's lower than it was 
before, 
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before, tho its Supporters be higher, as will ap- 
pear by holding a Thread horizontally from D 
to E; for if the Body touch the Thread when at 
D, it will be below it when it has rolled to E. 


Prop. II. Theoreme. 


What is ſaid of the Deſcent of a heavy Body, 
is to be underſtood of its Center of Grawit); be- 
cauſe unleſs the Center of Gravity can fall, the 
Body cannot fall, by the foregoing Prop. for the 
Body Lo 1. Fig. 5.) AB GD, which ſtands 
upon the horizontal Plane F C, cannot fall to- 
wards F, where it inclines; becauſe its Center of 
Gravity E would riſe, which appears (Hg. 5.) by 
drawing the Arch E F about the Point B. But 
AB CD will fall, becauſe its Center of Grawity 
can fall, as (Fig. 6.) appears by Conſtruction. 


SCHOLIUVM | 
Hig. 4.) Since the firſt Impulſe of an heavy 
Body downwards, is begun at its Center of Gra- 
vity, and that the Center of Gravity endeavours 
to get as low as it can; a heavy Body muſt 
endeavour to deſcend in a Line (called the 
Line of Direction, as E G, CO) drawn from 


its Center of Gravity to the Center of tlie 
E Earth, 
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Earth, or Centrum Gravium, which is the loweſt 
Place; and if it can't move in the Line EG, by 
reaſon of the Interpoſition of a Plain, ( fo incli- 
ned as not to hinder the Center of Gravity from 
deſcending) 'twill fall obliquely by ſliding or 
rolling, ſo as to get into the Line of Direction 
CO, as faſt as it can. 4 


COROLL. 1. 


Hence alſo will the Body D flide, and the Bo- 
dy F roll upon the inclined Plane AB C (Fig. 4.) 
to get to the Line CO, Parallel to its Line of 


Direction E G. : 
| COROLE. 2. 
Fig. 5. and 6.) Hence alſo will Bodies ſtand 


firm upon an horizontal Plain, if their Line of 
Direction falls within their Baſis. Thus the Bo- 
dy of (Fig. 5.) will ſtand, and that of (6) fall. 
A Bowl will cafily change its Place, becauſe its 
Baſe being but one Point (Plate 1. Hg. 7.) it's 
caly for the Line of Direction E G to fall out of 
it. This is the Reaſon alſo, why it's almoſt im- 
poſſible to ſet a ſtrait Stick or a Needle upright 
upon a ſmooth horizontal Plane, becauſe that the 
Lines 


LEES. 
Lines of Direction E & fall out of their Baſes. 
What is ſaid of the Center of Cravity, may be 
alſo underſtood of the common Center of Gra- 
vity of two heavy Bodies, as we ſhall ſhew in the 
Example of the Balance. 


Of the BALANCE. 
Prop. I. Thevreme. 


HEN a Balance has its Brachia of the 
ſame Length and Weight, the Power | 
and the Weight are equal. 


Prop. II. Probleme. 


To make an Equilibrium with an horizontal 
Balance, (Fig. 8.) Let the Weight P be to the 
Power E as the Diſtance. CB of the Power to 
the Diſtance A C of the Weight; and ſo vice 
verſa. Thus will the Center of Gravity be 

brought under the Center of Motion. 


1 124 Prop. 
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5 Prop. III. Theorem. 


By increaſing the Velocity of the Power, the 
Velocity of the Weight is leſſened, as has been 
ſhewed in the Statera Romana. 


: Prop. IV. Probleme. 


Knowing the Weight 1 too heavy Bodies appli- 
ed to the Ends of 4 Balance of known Length, to 
find upon that Balance the common Center of Mo- 
tion. | | 
Let A B the. Balance be twenty-four Inches 
long, the Weight D twelve Ounces, E fix Ounces. 
To find the fixed Point whence the Balance bein 
ſuſpended, the Weight will hang in quilibrio. 
Find a 4th proportional to 18. 6:: 24: which 
will be eight Inches for A C: that is, as 18 (the 
Snm of the twoWeights) is to 6 the leaſt Weight, 


ſo is twenty-four Inches (the whole Length of the 


Balance,) to eight Inches or A C rhe Diſtance of 
the fixed Point from that End of the Balance 
which has the biggeſt 1 ” 
| 1 


8 f ; 
cory, yet it won't hold 


Tho' this is true in the T 
in the Practice becauſe ( Plate 1. Fig. 9.) the Ba- 
- lance 


294 


lance A B, which we have ſuppoſed without Weight, 
can't be really ſo; becauſe the two Brachia are 
not of the ſame Weight. Hang the Weight F = 
to D + Eat C, (which by Axiom 3.) won't 
alter the Effect of the two Weights DE. Then 
hang at I the Center of Gravity of the Balance, 
the Weight G = to the Balance's Weight; then 
conſidering C I as a Balance laden with its two 
Weights, ar its Ends CI, find out O the common 
Center of Gravity, as taught, wiz, F+G:G::C 


I: CO. 
Prop. V. Prob: 


Knowing the Length and Weight of a Balance, 
which has at one of its Ends, a Body of known 
Weight ; to find the fixed Point, about which the 
Balance and Weight of the Body ſhall remain in 
Aquilibrio. 4 e 

Length of the Balance 12 Inches, 
Weight of the Ball: 16 O. 
Weight of D 8 02, 
Sum of the Weights 24 02. 
Half Length of the Balance 6 Inches. 


find 


[ 300 
find a 4th proportional to 14: 16: : 6: which 
will be four Inches for AC; that is as the Weighr 
of the Body together with the Weight of the Ba- 
lance ; ſo is halt the Length of . 4 Balance to 
AC, the Diſtance from the Weight of the Body 
to the fixed Point. 


Prop. VI. Prob. 


How to make a deceitful Balance, which * 
empty and alſo laden with unequal Weights, ſha 
remain in Fquilibrios - | 
Fig. 11.) Let the Length A C be to B C as 
the Weight of the Scale E, to that of the Scale 
D. The Agquilibrium will be kept if the Scales 
are laden with Weights, that have the ſame ratio 
to one another, as II to I2; but the Fraud will 


be detected by changing the Place of the Weights. 


Of the LEA E R. 
3 Prop. I. Theoreme. 
of Þ HE Leawer is reducible to the Balance; 


the Weight an animate Power being the 
ſame as the different Weights in the Balance, and 
the fixed Point the ſame as the Center of Motion. 


Prop. II. 


The three firſt Propoſitions of the Balance are 
true concerning the Leaver. (Fig. 12, 13, I4, 
I5.) C is the Fulcrum, or fixed Point; E the 
Power applied at B and D, the Weight applied 
at A. | 
Hg. 12. Isa Leaver of the firſt Kind, as are 
alſo Sciſſars, Pinchers, Snuffers, &c. This Lea- 
ver has the Power at one End, the Weight at the 
other, and Fulcrum in the Middle. | 

Fig. 13. Is a Leaver of the ſecond Kind, as 
are alſo the Oars and Rudders of a Boat, cutting 
Knives fixed at one End, and Doors moving on 
| | Hinges. 
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Hinges. Theſe Leavers have the Weight in the 
Middle, the Power at one End, and the Fulcrum 
at the other. 5 

Fig. 14. Is a Leaver of the third Kind, as 
are alſo Ladders taken up by the Middle to be 
reared againſt a Mall. This Leawer has the Power 
in the Middle, the Weight at one End, and the 
Fulcrum at the other. 55 

Fg. 15. Is a bended Leaver of the fourth 
Kind; but it may as well be reckoned a Leaver of 
the firſt Kind, becauſe its Fulcrum is between the 
Power and the Weight; when you draw a Nail 
with an Hammer it becomes a bended Legver. 

Hg. 12. and 15.) Ina Leaver of the firſt or 
fourth Kind, the Weight and the Power may be 
equal, as it muſt happen when A C is equal to 
BC. The Powcr may be greater than the Weight, 
as when B C is greater than A C, or the Weight 
greater than the Power, as when A C is greater than 
B C. 

Fig. 13.) In a Leaver of the ſecond Kind, the 
Weight muſt be always greater than the Power, be- 
= its Diſtance from the Fulcrum will be always 
leſs than the Power's Diſtance ; for wherever the 
Weight D is applied; A C will be a Part of BC, 
| e 


and therefore "muſt alway 2 be leſs tlian its whole 
B GA mla, 08. ae2 
Bg. 14, Ina Leaver of the third Kind, the 
Power muſt always be greater than the Weight, be. 
cauſe CE the Diſtance of the Power will always 
be leſs than A C, of which ir can be bur a Part. 
N. B. In all theſe Caſes an Equilibrium is ſup- 
ye + > by | P 0 III. Theos eme. 
Ne e — Joſt N WL RG os \ , Nun ar 
2 yer which puſhes or draws a Leawer at 
right Angles, has greater Effect then at oblique 
Angles. © \ AD an. aw, 5 . 5 


* * 


S JIEUD\. 
by , © * * # 7 * \ 4 \ A 3 
0 8 * . * N . 4 a. . * þ 


Bg. 18. Since the Force of a Power depends 
upon its Diſtancg ſrom the firſt Point, and ſince 
0 y Def. 9.) the Diſtance of the Power is a Line 
rawn perpendicular to the Line of Direction; it 
is plain by. Conſtruction, that C B the Diſtance of 
the; Power applied at right Angles, - is greater 
than C Fiche Diſtance of it applied at obtuſe, or 
CG K the Diſtance of it applied at acute Angles, and 
drawing towards I. cg sci 2Y 60/16 7356 


X F „%% Oe 


LJ 
For ſince (by 15 Def: I. El: Eucl:) C F= 
CI CR, and CL being Part of CB, (the Di- 
{tance of the Power drawing at G, and applicd 
at right Angles) is leſs than CB (by Ax. 9. 1 El.) 
Likewiſe C F and CK muſt be leſs than CB: 
Therefore a Power applied at right Angles, has a 
greater Effect than if applied at oblique Angles 
KEG. 

N. B. CF is the Diſtance of the Power E, 
applied at B, and 1 obtuſe Angles, as the 
Angle C B E and C K is the Diftance 1 
Power ſtill applied at B, and drawing in the Line 
I K at the acute Angle C B J. 


Prop. IV. Theoreme. 


Plate 2d. Fig. 1.) If a Power, whoſe Line of 
Direction is perpendicular to a Leaver parallel 
to the Horizon bears up, by means of that Lea- 

ver, a Weight whoſe Center of Gravity is above 
the Leaver, it muſt be greater to bear it up, when 
the Leawer is 1 than when it is incli- 
ned, and the Weight raiſed; and greater yet when 
the Weight is lower, the Line of Direction of the 
Power always remaining perpendicular to the Ho- 
| = | rizon ; 


_—— 
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rizon. The Reaſon of this is, becauſe the Body 
does not hang freely from the Leawer, to which it 
is fixed; for if it did, the Diſtance of the Weight 
would decreaſe in the fame proportion as the Bi 
tance of the Power does, when the Leawer is mo- 
ved out of its horizontal Pofition : That is, when 
the Leaver I B (where IC is the Diſtance of the 
Weight, and C B the Diſtance of the Power) is 
moved into the Poſition O D, and the Diſtance 
of the Power at D becomes C N (by Def. .) the 
Diſtance of the Weight would become Ch, if the 
Weight was to hang freely from E; bur ſince the 
Body EO M is fixed to the Leaver, it endeavours 
to deſcend in the Line of Direction O L, drawn 
perpendicularly downwards from the Center of 
Gravity O, which cauſes the Diſtance of the Weight 
to be only L C inſtead of h C; and therefore the 
Bodys Gravity decreaſing in greater Proportion 
than the Force of the Power, (which is a Weight 
that hangs freely) the Body O requires a leſſer 
Power to bear it up when it is fixed upon an in- 
clined Leaver above the Horizon, than when that 
Leaver is parallel to the Horizon. Likewiſe in 
the Lea ver A K, if the Body O, or the Weight 
was to hang freely _ E, its Diſtance would - 
| —_ "2 


360 

t C decreaſed in the ſame Proportion as C Q the 
Diſtance of the Power; bur ſince by reaſon of the 
Body's being fixed above the Leaver, the Line of 
Direction produced is K O g and its. Diſtance; 
g C its Gravity muſt be greater, when by the In- 
clination of che Leaver it is bclow the Horizon 


Plate 24. Fig. 24) The 2 8 is true 
of the Center of Gravity of 7 Body below the 
Laaer. 1. 9707] f 
Since the D 4 this 7 her, is a 0 
ſame as the other, a Sight of the Figure is ſuffici- 
ent; where you may obſerve that in the Leaver 
AE the Diſtance of the Weight! is MC, whereas, it 
would be n C if the Body ſhquld hang ficely; 
and in the Leaver DG = Diſtance; of the Weight 


is Cn, whercas it would beG Mit the Body ſhould 
freely hang. ird cho 


Ik two carry a Wei hi upon, or, hangi 
the Middle: os A . he carries hog 655 
neareſt to the the Weight. (Vide 34 and 4th 

Of the Leaver 9 r;Balance, is meant what A KY 
medes ſaid: of his a up the whole Pa il he 
had a Place to fix his Inſtrument; and it was by 


theſe Powers that he is laid to * lifted the Ro- 
man Ships. b Of 
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Plate 2. Fig. 5.) Laaer Pulley adds no 


et Ad, wth os ger un juſt? in the Middle ; and 
in 2 U ate tlie Velocity of the Weighit is not di- 
miniſhed, and conſequently that of the Power not 
id 


Prop. 


e tO the, Power, 2 it is a Leaver of the I 
| 
1 


the loweſt O, or in the Place of the Bod 


* : 


[38] 
Prop. III. Theorem. 


Fig. 6.) A lower Pult takes off half the Ve- 
locity of the Weight, and ſo doubles the Force of 
the Power ; becauſe whilſt 10 moves one Foot, 5 
— , 


Prop. TV. Theareme. 


Fig. 7.) As one is to the Number of the Parts 
of the Rope applied to the lower Pullies, ſo is the 
Power to the Weight. Ex. Cr. If the Hand 
can raiſe but ten Pound without an Enugine, it will 
by the Help of the Pullies, [ Fig. 7.] be able to 
raiſe forty Found; or one Pound hanging at A 
will keep in Æquilibrio four Pound . at 
Jy 


Prop. V. LTD) 
What a Power by a Pulley gets in Strength, It 


loſes in Swiftneſs, as it does by all other Engines. 


£O 


* 


Of 


hs 


[WE 7 
PF 
ot the Ax LE in the WHEEL. 
Prop. L Tbebrene. 


— 


Rg. 8. XS the Radius of the Aris to the Re 


the Weight: That is, as CD to AB, fo is the 
Power applied at A to the Weight ; or rather, as 
the Circumference of the Wheel = Velocity of the 
Power = is to the Circumference of the Axis = 
Velocity of the Weight =, ſo is the Weight to the 


Power. | 22 
CORO LI. 


Plate 2. Hg. 10.) This is obſerved in Watches, 
where the Radius of the Wheel in the Fuze in- 
creaſes, as the Force of the Spring is weakned ; 
that the Axis of the Fuze may be always turned 
round with the ſame Force, When the Spring is 
Strongeſt it draws at A when weakeſt at B. 


:.. A TL Teens  _——- 
An Axis in Peritrochis is a Leaver of the firſt 
Kind; AB the Radius of the Wheel being 2 
| TE ICE 


F 


dius of the Wheel; ſo the Power to 
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Range. of the Power: and O D. the Radler of the 
Axis being the Diſtance of the Weight. Hig. 8. 


By. the Mul K gong? of Wheels,. an HA may 
draw up an Oa the I 
OE Wihinales, 4 Cors, 


To this Power ds d < 
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Fi ED. In Simple of FG 
. 2 (Wedge e Eee wy ic 2 ſolid 
angle; ul wall of fron, ty Ridg againſt .the Parts of 


the Body it cleaves. 

To underſtand the Powet of the edge, one of 
thi ewo'Rat Sides which ineline to one another; is 
to be 100K d un an inlined Wand and: the o- 
ther as an horizontal Plane; and We thuſt- con- 
ceive chat by tlie help off tllis inclined Plane, 
Power! alk "iſ x Weight, &lch wäthoüt this Eu- 


ine it could ngt ſo ae 
4 Hg. 1 Ss.) Let tlie Trian N Rectangu- 
lar at B, repreſent à Wedge, Deine Pont or Edge of 


it, 'B Che Head and tobe me plainly: _ 
ſtoo 
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ſtood, let D B the 3 of the Wedge be twice 
its v B C, and the Baſis B 5 perfectly 
Smooth, ſo that being applied to the horizontal 
Superficies A B, which alſo I ſuppoſe perfectly 
Smooth, the Wedge D B C may flide upon that 
horizontal Plane A B, without any Difficulty. Then 
again, let us ſuppoſe that the Weiglit E be hindred 
from going to A by the Plane H I K perpendicu- 
lar to the Horizon, which yet does not hinder the 
Medge from ſliding along the horizontal Plane A. 
B, — it ſhall be drawn or puſhed from B to- 
wards E, by a Power whoſe Line of Direction is 
parallel] ro the Horizon. It then the Power puſhes 
the Wedge D -B C regularly from B towards A, in 
cauſing it to ſlide upon the horizontal Plane A B. 
it will cauſe the Weight E to riſe up by ſo 
regular a Motion, that irs Center of Gravity 
E will never go out of the Line E F per- 
pendicular to the Horizon; ſo that when 
the Point B ſhall come to D, the Point C to F, 
and the Point D to G, (that is, when the Wedge 
DB C ſhall be in the Poſition G DF) the 
Weight E by the Reſiſtance of the Plane A I X 
ſhall have been forced to rife by the inclined 
Plane C D, or F G, which will have puſhcd it 
1 upwards 


7. 
upwards towards F; ſo that it will have riſen the 
1101 Length of the Line D F, when the Power 
ſhall have moved the Length of the Line B D or 
GD, which is twice D F by the Swppoſition. 
Since then in this Swppoſition the Power has: 
double the Velocity of the Weight, it ought to 
have double the Fotce of the Weight; therefore 
it needs not be more than half the relative 
Weight of that Iuudias upon. the inclined Plane 
CD to be able to cheat it there; accord ing to 
that general Law of 'Mechanicks which we Have 
taken Notice of in the foregoing Engines (viz..) 
that the Power increaſes proportionally as its Ve- 
lociryx increaſes: Whence we may caſily con- 
clude, that when a Power whoſe Line of Directi- 
on s parallel to the Horizon, ſuſtains a Weight 
by the Means of a Wedge, whoſe Baſis is fo 
parallel to the Horizon, that, Power is to the 
Weight it bears up : : as the Height of the Wedge 


to its Baſe. HS RR 
CO ROLL. 


Fience the ſharper the Wedge is, the more cafi- 
ly it will enter, becauſe G the Velocity of the 
Power | Fig. 12. Plate 74 will be greater in 
proportion to F, that of the Weight; and —_— 

8 this 


a - 


1 

this Wedge. ſhall be uſed to cleave à Body, as 
AB. GB, the more tha Planes; EFG. O which 
make up this edge, arelinclined to one bother; 
the more eaſily will che Parts E G flip along the 
Wedgaihin nf Voi to W 20h to f 1 gba 34 
N. B. FO muſt be taken for an inclined; and 
GO-*for an horixontal Plane, and the Reſiſtauct 
that the Boy AB C D males in its upper Pari 
when it is diſunited from its lower, may paſs: for a 
Weights whoſe Line of Directian is perpendicular 
to its lower horizontal Part CPP). 
This tobich is true in the Theory, would hold in 
the Practice if the Plane of the Wedge, and that 
Plane whereon it flides were perfettly Smooth, and 
the Weight wuly apherical; but ſince there cannot be 
of It uch A Mathematical * Exattne ſs, the Practire 
won't hold; therefore Percuſſion is applied, which is 
the only effetFual ems, becauſe the Parts of the 
Wedge will tick leſs when the whole is put into 4 
Tremulous Motthn: © © © 0 0. 


2 Ws $0019. H OU 
3 UBIGOT D330) SINN © : 

The Reaſon why a {mall Hammer. with a vio- 
lent Blow; will not have ſo much Effect as a 


rr a Ad P——7 —— — — 
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ſmall Blow with a Sledge, is, that a Sledge with 
a ſmall Force added to its Gravity, will have 
more Motion downwards, than a little Hammer 
with a ſwift Blow, becauſe the Motion is in a ra- 
tio made up of the Pondus of the Velocities. 
Plate 2. Fig. 13.] The Medge may be reduci- 
ble to the Leaver: Thus CDA is as two Leader: 
of the. firſt Kind, whoſe fixed Points are at B B, or 
rather as in Fig. 14. it repreſents two Leavers of 
the ſecond Kind, whoſe Fulcra are in the com- 
mon Point A. enn TT 
The Weights to be moved at C, and the Pow- 
ers applied at B. 85 
To this Power are reducible Nails, Bodlins, 
Hatchets, Knives, Saws, Files, &c. being Wedges 
faſtened to Leavers of the fecond Kind. 


eee ee eee e eee 
Of the SCREW. 


Plate 2. Hg. T HE Screw-is nothing but a 
| Wedge continued round a 
Cylinder in a Spherical Manner; the Aale-Screw 
A is an outſide, and the Female-Screw C D an 
inſide Screw. | ; To 


| L45 ] 
To ſhew better how the Screw works, ſuppoſe 
the Weight E to move upon the ſolid Triangle, 
DCB from E to C, it will be che ſame thing as 
if the ſolid Triangle had moved under it, and for- 
ced it up to E, where it muſt go, becauſe the 
vertical Plane H I K Lhinders it from riſing in a- 
ny: other Line beſides E F. Now, becauſe the Pow- 
er has moved the whole Length of the Line CD, 
and the Weight only that of the Line E E, the 
Lower muſt be the Weight : : as the Length of 
the Line EF, which.is the Velocity of the Weight, 
is to the Length of the Line D C, which is the 
Velocity'of the Power. 8 z 
Ng. 16.] To. eſtimate therefore the Force of 
the Screw, we muſt look upon the Height of the 
Cylinder H I P Q as the Velocity of the Weight, 
and the Thread HK LMNOP (if its He- 
lexes were unwound and laid at full Length) as 
the Velocities of the Power : Therefore by the 
Force of a Screw, the Gravity of a Weight, or a- 
ny other Preſſure will be leſſened as much as the 
Spiral Line HKL MNOP, is greater than 
H Por I Q, the perpendicular Height of the 


Scretc. 
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If long Lasers be added to the Sue b "its 
Force will be ſtill incteaſed- after the anne! 
that was deued in che Eupliceion of 10 Lea- 
ver. © (1%. 
The Advant: © of this Mithariital Haug is 
that whereas other” Mechanical Engines ce 
act, and the Weight returns -when the' Power Joes 
not continue to act ; this ſuſtains the Weight, and 
retains all the Force that was commuflicated to it, 
hen the firſt Mover ceaſes to acł, becauſe the 
Weight preſſing the Cylinder along the 4x, 
puſhes the Threads of the Male. Screto againſt 
thoſe- of the *Ferrale-Screw ; ; Whereas an Helical 
Motion is er d- to unſcrew fo much as is 
ſerewed up of the Inſtrument. Now. in other Eu- 
ines, a Pulley, for Example, or Leaver, the 
Weight will return as ſoon as the Hand ceaſes to 


pull 
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pull the Rope. or pou upon che End of the 
Leaver. 1 

Plate 2. Fig. 8 But chen there is this Diſad- 
vantage, that a Screw is ſcrewed up as far as it can 
go in à little time, which Inconveniency may yet 


remedied ih compound Engines, if you makc 


it a petpetual Screw'and apply it to a N eel, as in 

the 2 Figure, where the * Screw CD E 

to. tlie Cylinder AB the Teeth of the 

2 and turns ic continually the. ſame way, 

= it: has. be means of its Axis drawn up the 
ht G, 


o eyer ſo diſtant at firſt. ä 

at this. Power is reducible to a Leaver, ap- 
pears from its being a Medge, which we have 
{hewed to be made is as two Aren of the firſt 
or ſecond Kind. 
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HE Fir LA of NATURE, is, that 
1 all Bodies endeavour to Lage them- 


0 
(ſelves in the ſame State, either of Motion 


or Reſt. So that if the Body be at Reſt, it never 


COlmces 


- 
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comes of its own accord to Motion, but muſt 
have ſomething to move it ; and it ir is once in 
Motion, it endeavours to perſiſt in that Motion, 
always according to the ſame Direction in the 
{ame ſtrait Line, nor can it be ſtopt but by a 
Force equal to the Force of its Motion. This is 
plain, for Bodies being of an unactive Maſs of 
Matter can acquire no Change or Mutation ot 
their own State; and a Body can no more change 
its Motion, and come to Reſt, than it can change 
it ſelf from one Figure to another; after the ſame 
manner it can never change its Direction, but will 
always continue to go forwards in the ſame ſtrait 
Line. But whatever Change is made in a Body, 
muſt be by ſome extrinſical Agent; and if a Bo- 
dy ever changes its Direction, there muſt be ſome 
external Agent to make that Change of Direction, 
and if it were left to it felt, it would always 
move uniformly forward in the ſame ſtrait Line: 
If a Body move in any Medium, it muſt neceſſarily 
thruſt away Parts of the Medium that are in its 
way; and therefore ſince whatever Motion it 
communicates to them, it muſt loſe it ſelf. A 
Body that moves in the Air muſt continually loſe 
of its Motion; whereas if there was no Gravity, 

nor 


L i 
nor any Air, a. Stone once thrown up would go 
on in infinitum, without loſing its Motion. The 
Air then is the only Cauſe why Bodies loſe of 
cheir Motions when thrown up, and Gravity 
is the only Cauſe which brings them to the 
"Fart. + 


In the Heavens where the Ather is exceeding : 


thin, and next degree to nothing, the Planets 
preſerve their Motions without the leaſt ſenſible 
Diminution: From hence we know the way how 
Motion is communicated to Bodies; for when a 
Man holds a Stone in his Hand, the Stone parti- 
cipates of the Motion of his Hand, becauſe being 
in it, is moved with the ſame Velocity as the 
Hand is: Now by this Law of Nature, a Body 
once put in Motion, will always endeavour to 
go forward according to the ſame Direction. And 
therefore, when the Man draws back his Hand with- 


out the Stone it having once had a Motion forward, 


will always endeavour to continue in it. Becauſe 


all Bodies affect to move in a ſtrait Line, there 
muſt neceſſarily be ſome Force to make them move 
in a crooked. This Force may be either a String, 


by which they are tied to the Center of their Moti- 
on, or by ſome other Centripetal Force, ſuch as Cra- 


H Vit), 


0 9 
——— 


ty, which continually preſſes them towards the 
Center. | PA} nt wage ol 


Fd 


on in the right Line ce; but Gravity acting _ 
on it in the Direction eh, makes it move in t 


des, being the aforeſaid Diagonal produced ; but 


+ Sh 


Plate 3. Fig. 3.] Suppoſe a Body put in Mo- 
tion at A, it will endeavour to move in the 
fame ſtrait Line A B; but the Force of Gravity 
continually preſſing it towards the Center, that is, 
from B downwards, or in a Line perpendicular to 
the Earth, it will move in the Diagonal of the 
Parallelogram C if you fill it uß. 

Plate 3d. Fig. 6.) When the Bomb is by the 
Force of the Pocoder thrown out of the Mortar, 
it endeavours by the Firſt Law of Nature to go 


c 
Line cb, Diagonal of the Parallelogram, contain- 
ed under the Lines ceeb; that is (ſuppoſing two 
other Lines to be drawn = and || to the ſaid 
Lines ceeb) by a Motion compounded of the 
Force puſhing towards 4 from c, and that which 
puſhes towards þ from e. | 

Then the Bomb would by the Firſt Law of 


Nature continue to go on towards 4 in the Line 


Gravity acting upon it in the Direction 9 „ 
makes it by a compounded Motion go on in the 
| Dia- 


IG a bt is 
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Diagonal bf of the new Parallelogram contained 

under 4 g gf, and ſo on till it comes to the Point 

h. Now fince the firſt Inpetus and Gravity does not 

act alternately, but at the ſame time all the while 
the Bomb moves, we muſt ſuppoſe the ſaid Dia- 

nals (in which the Body moves) to be infinite- 

Ty {mall ; and then all of them together will 


. * 


make up the Curve c bf h, called 2 Parabolic 
Line, in which all Proſectiles move. N 
he ſwifter a: Body moves in a_ Circle, the 
ſtronger is its Endeavour to move in à ſtrait 
Line, and the more the Thread will be ſtretched 
by which it is kept in; the Force by which it 
ſtretches the Thread is called Centriſugal Force 2 
is eaſily ſeen in Slings) and the Force of the 
Thread which detains it, muſt be juſt equal to 
this Centrifugal Force; but if Gravity or any o- 
ther Cemripetal Force detains the Body in its Or- 
bit, the Centripetal Force muſt be juſt equal to 
the that the Body may be kept in 
the ſame D Lt $0a 
II a Body lyc upon a Table, and if the Ta- 
ble be moved, at firſt the Body wilb not partici- 
pate of the Motion of the Table, but will ſeem 
to go the contrary way; — is plain from a 
2 E 
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ſel of Water ſet upon a Table; but aſter that 
Motion is once communicated, if you ſtop the 
Table ſuddenly, the Body lying on it will con- 
tinue its Motion. If a round Table parallel to 
the Horizon, be turned round an Axis, and a 
Bullet by the Help of a Thread made faſt to the 
Center, | Plate 3d. Fig. 5.] tho the Thread be 
ſlack at firſt, yet the Table being turned round, 
the Bullet at C will recede from the Center and 
ſtretch the Thread as at D; if the Table be ſtopt 
on a ſudden, yet the Bullet will for ſome time 
continue its Motion; if the Bullet be not put up- 
on the Table, but hang down by the Thread, as 
in the Poſture A B, after the Table is turned 
round the Thread will not keep its perpendicular 
Poſition, but will ſettle it (elf in the Poſition A , 
the Centrifugal Force acting againſt the Force of 
Gravity, and making the Body recede as far as 
it can from the Center of Motion. „ 

If a Glaſs Tube be laid or faſtned to a Table, 
in which near the Center be put a ſmall Bullet, 
when the Table is turned round we may obſerve 
the Bullet to recede from the Center towards the 
Circumference, and accelerate its Motion. 

11. i 7 Beſides 


153 
Beſides this, it will go againſt the common Lazy 
Gravity, and mont ee the, Tube be ſet 
flanting upwards on the Table, being firſt fixed 
to a Piece of Wood, repreſented in Fig. 4. Plate 
3. and it will. ſtay at the upper End of the Tube 
beyond, 2s * the Table is continued in its 
ſwift. Motion; but when that ceaſes it is preſſed 
down again by its own Gravity to G. 
The ſame. is obſerved when, we put Globyles of 
Mercury or. Water in the Tube. If we fill the 
Tube with. Water, and put a piece of Cork in the 
End of it, which is next to the Circumference, 
we may obſerye, that after turning round the Ta- 
ble, the Cort will go from the Circumterence to- 
wards the Center; for the Water being more 
Denſe, or conſiſting, of a greater Quantity of 
Matter, than the Piece of Cork of the ſame bulk, 
ic will have 2 greater vis Cintrifige, or a ſtronger 
Conatus recedendi a Centro than the Cork has; and 
conſequently the. Cork which has much leſs Force, 
will be puſhed by the Water which has al greats 
Force towards the Center. 
The Second Law of NATURE, is, that the 
Motion produced, or the Mutation of Motion, is 
en SOON et I e „ 
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always ortional to the Motion impreſt, vii 
N e Motion. A double der will 

duce a double Quantity or Momentum of ) abi 
on; and a triple Force, a triple, &c. and this 
Motion will always be according to the Directi- 


on of the Force wech impreſſes it; and if the 


Body was moved before this new Motion ariſing 
from this new Force, it will cither increaſe its Mo- 
tion, it it acts according to the fame Direction, 

ditnmiſh' zit, if it acts m à contrary Direction; 
or if it acts Wande it alters che Diredtion, and 


tutns the Bod moved another way 


Iva Boch be once ut — on 172 the Firſt 
Ew; it ought" always the ſame 
Velocity.” und in the ee Pürgen, ; but if a 


new ome! qual to the former, act again upon 


it, Fs to the Tame 2, ob its Motion 

be tic e ain, the ſame Force 
. 10 ng will de 
q 7 4 oh e firſt, - c 
6 100 3 © DEI 12 L us at in Mo- 


tion ub . Ag 
once acquired an  Impetus that way,, it would a 
ways continue in it; but if we wonld ſuppo oc 


chat hikers che Boch come to C, ft the 
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Force acted again upon it, it would produce a 
Motion equal to the former; and both of them 
put together will be double of the firſt. Again, 
when the Body comes to D, if the ſame Force 
ſhould act again upon it, there would ariſe a new 
Quantity of Motion equal to either of the for- 


. AA 4 4 


mer, and the whole being put together will be 


triple of the firſt Motion. If, again, when the 


Body comes to E, the ſame Force acted upon it, 


it would again produce more Motion, which 
would be equal to the firſt; and ſo the whole 
Motion ariſing from all theſe Actions put toge- 
ther, would be Qaadruple with the firſt. If this 
Force thus acting imprinted equal Degrees of Mo- 
tion at equal- Intervals of Time, the Motion pro- 
duced, and conſequently the Velocity will be as 
the Times when a heavy Body deſcends ; Gra- 


vity acting upon it at firſt, gives it a Motion 


downwards: Now if the Body ſhould ceaſe for 
ever after to be heavy, yet the Body will go on 
in the ſame Direction, and with the ſame Veloci- 
2 the Firſt Law; but then in the ſecond In- 

nce of Time, the Body is heavy, and Crawit) 
continues to act, it will again produce a Moti- 
equal to the former. | 

Juſt 
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Juſt ſo if the Body ſhould far ever ceaſe to 


be heavy, yet it would ſtill continue its Courſe 
with the two acquired Degrees of Velocity; but 
then Gravity acts the third Inſtant of Time, at- 
ter the fame manner it did at firſt, and makes a 
Motion equal to the firſt Degree, and therefore 
the Sum of the whole will be triple with the 


firſt. After the ſame manner the Motion the 


fourth time will be Q #adruple of what it was 
the firſt Inſtant, and ſo the Motions will always 
increaſe the Times. This is the Reaſon why we 


find Bodies in their 3 accelerate their 


Motions. When Bodies fall, the Spaces through 
which they deſcend, are the Squares of the Time 
they take to fall in, always counting from the be- 
ginning thus. | 


Plate 3d. Fig. 7 and 8] If in the firſt Mi- 


nute of Time a Body falls through a certain 


Space, at the End of the ſecond Minute it will 
have deſcended four Times in that Space; in the 
End of the third Minute it will have deſcended 
nine Times that Space which it did go through in 
the End of the firſt. So if the Times be taken in A. 
rithmetical Progreſſion of 1, 2, 3, 4, 5, 6, then 
the Spaces through which the Bodies will have 


deſcen- | 


— — 
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© deſcended at the End of theſe Times, will be as 
I, 4, 9, 16, 25, Sc. If it be asked how far 
the Body moves in the ſecond Minute ? Ir will 
have moved uſt three Spaces; for it had moved 
thro” one in the firſt, and ſo likewiſe in the third 
Minute 'twill have moved thro' five; for at the 
End of the ſecond Minute it had moved thro” 
four; take four from nine, and there remains 
fle. . ; 5 
The two rectangular Triangles of Fig. 7. made 
up of other rectangular Triangles, repreſent the 
Spaces gone thro' in a determinate Time, cach 
ſingle Triangle denoting one Space: As for Ex- 
ample, in the upper Figure marked 7, if we ſup- 
pole a falling Body to {ct out at the rate of one 
Mile in one Minute; let the N& 1. and the Per- 
pendicular of the little Triangle at top expreſs the 
firſt Time or Minute, and the ſame NY 1. and the 
Baſe of the little Triangle expreſs the Velocity, 
which always is at the Times; and let the whole 
Triangle expreſs one Mile that the Body fell the 
firſt Minute; then if you conſider that the Body 
having fallen four Times, the Line expreſſing the 
Time muſt be the Perpendicular of the great 
Triangle, which L is four times greater than that of 
8 I the 
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the little upper Triangle: Likewiſe the Line ex- 
preſſing the Velocity muſt be in the Baſe of the 
great Triangle, which Baſe is four Times greater 
than the Baſe of the little Triangle; and the 
whole Triangle will be the Sum of the Spaces or 
Miles gone thro' in four Minutes, which will ap- 
pear b 1 it into little Triangles equal to 
the firſt. A SIS t of the Figure will caſily teach 
how to know the Miles that the Body has fallen 
_ thro' in any Number of Minutes or Times. 

If a Body | Fig. 10. Plate 3.] as A lies upon 
an inclined Plane, it endeavours to deſcend Per- 
pendicular, but the Plane hindring it, with part 
of its Weight it will preſs upon the Plane, and 
with the reft it will deſcend as faſt as it can a- 
long the Plane; but it will not accelerate its Moti- 
on ſo faſt, as if it did all along deſcend Perpen- 
dicularly; thus in falling from B to C, it takes 
longer time than if it had gone directly from B 
to 5 in the 1, ſo that at the Point C it will have 
as much Velocity in falling from B to O as it will 
have at D, in falling from B to D. The leſs 
the Plane is inclined to the Horizon, or the 
nearer it comes to the J, the faſter it will accelerate 
its Motion. | . 

Hg. 
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Fig AT] Thus it will fall ſooner from B to 
G, than from B to C, and ſooner from B to E, 
than from B to F; but in falling from the ſame 
Point B to the Points DE FG C, the Degrees of 
Velocity acquired are all equal, tho they be ac- 
quired in unequal Times. J. C. Suppoſe B C 
three Times longer than B D, the Body will, go from 
Bro D in the third part of the Time that it goes 
in the Plane of BC from B to C; but the Veloci-- 
ty acquired in the deſcending from B to D, is 
the ſame that is acquired in the deſcending from 
B to C, and therefore it will accelerate its Motion 
in the Line B D three Times faſter than in the Line 
G | 
If a Body in falling from B to D acquire any 
Degree of Velocity, and with that Velocity be 
turned upwards, it will juſt aſcend to the ſame 
Height from whence it came, and Gravity act- 
ing upon it will leſſen continually its Velocity, 
in the ſame proportion it increaſed betore in de- 
ſcending, and after it has come to the Point B it 
will immediately deſcend again: After the ſame 
manner, if having fallen along B D [ Plate 3. 
Fig. 12.] it be turned up on the inclining Plane 
D C with that Velocity which it acquired in de- 
| EA ſcending, 
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ſcending, it will juſt go to the ſame Height from 
whence it fell. | | 

Hg. 14. If a Body B hanging by the String 
A B down towards E, be moved from B to D, 
and from thence let fall, it will continually acce- 
lerate its Motion till it comes to the Point B or 
E; and then with all its Force it will go into the 
Arch B C to the Point Cof the ſame Height with 
the Point D from which it fell, and then at the 
Point C it will deſcend to D, and there it will 
have the ſame Velocity as it had before at B, with 
which it will aſcend to P and fo make Vibrations 
continually. The Body ſo hung by a String is 
called a Pendulum. Suppoſe a Circle, whoſe 
Plane is I to the Horizon in which were drawn 
ſeveral ſmall Subtenſes B D, B E, BF from the 
lower-moſt Point B, [Plate 3d. Fig. 9th.) the 
Body will deſcend in the ſame Time along the Line 


- 


B D, from D to B, or along the Line F B, from 

F to B. 5 
The Reaſon is this, tho” the Line F B is Ionger 
than the Line B D, yet it is alſo more I, or leſs 
inclined to the Horizon; and conſequently the 
Body will accelerate its Motion faſter upon the 
Line B F, than upon the Line BD; becauſe ſmall 
* Arches 
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Arches do not differ much, either in Declivity or 
Length from their Chords. Bodies will very near- 
ly deſcend in the ſame Arches of Circles, that 
Ger will do in the Chords of thoſe Arches ; but 
Bodies deſcend in the ſame Time thro' all thoſe 
Chords, whether they be greater or leſſer; and 
conſequently the Vibrations of the ſame Pendu- 
lum, whether it run out in a greater Arch, or leſ- 
ſer, are all performed in the ſame time. 
Plate 3. Fig. 16.] Let A fall from 8, and B 
from 4, the Velocity with which A will be moved 
being ſo much greater than that of B, they will 
both meer equally at the Point C; the ſhorter the 


Strings are, the quicker are the Vibrations ; be- 


cauſe the String is as the half Diameter of the 
Circle; and ſo the leſs the String is, the leſſer the 
Circle will be; and conſequently the leſs the Cix- 
cle is, the quicker the Body will be moved round 
It. 


The Third Law of NATURE, is, that A- 
ction and Re. action are always Equal and Contra- 
ry, i. e. the Actions of Bodies one upon another, 
are equal, and the Force impreſt is always directed 
towards contrary Parts; ſo that the Mutation of 

= 7 Motions 
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| Motions, which thoſe Actions produce arc equal. 
This Lato will be illuſtrated by ſeveral ' Exam- 
7 ples : Firſt, if the Body A 


moving towards C, meet 
with B at Reſt, whatever Motion the Body B gets 
by the Impulſe, ſo much preciſely will the 
Body A loſe. V. C. If the Body A have twelve 
Degrees of Motion, and after the Impulſe B 
have five, then A will have but ſeven remain- | 
ing; and therefore there will be equal 4utations i 
-# Motion in both, and the Effect will be the 
ame, as if a Force cquivalent to five Degrees 
of Motion acted upon A towards C, contra- 
to its. former Motion, and another equal to it 
acted upon B impelling it towards C; and univer- 
ſally when one Body hits another, the Stroke or 
Blow is equally received in both. and it is always 
proportionable to the Motion Joſt in Percutient 
: Baller If an Horſe draws à Stone which is tied 
to a String, the Force by wt Zh the Horſe is pul; 
al back towards the Stone, is equal to the Force 
by which the Stone is dra- n towards the Horſe ; 
for the Rope being equally ſtretched by the ſame 
Power it has to contract it felt, will put equally 
the Stone towards the Horſe, and the Horſe to- 


_ wards 
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towards the Stone ; and therefore the Force of At- 
traction in the Horſe and in the Stone are both e- 
qual; but ſccing the Strength of the Horſe is ſo 
great, and aſſiſted by the Ground on which he 
ſtands, that he can teſiſt the Attraction of the 
Rope, he will not in the leaſt yield to the At- 
traction of the Rope, nor be pulled out of his 
place; but the ſame Stone which has ſo great a 
Force of Refiſtzy<., will be drawn towards the 
Horſe. If the Magnet or Load. Stone attract Iron, 
the Iron will likewiſe 7 attract the Load- 
Sone; this may be ſcen if you hold the Iron in a 
fixed Point, and the Load- Stone hang in a Scale, 
or be ſuſpended by a String. The — thing cis 
true in all other Attraction. 1 
Plate 3. Fig. 18.] Suppoſe two Boats A and 
B floating in the Watcr, and a Man in one of 
them. V. C. A, by the help of a Rope, pulls 
the Boat B towards nim, and that by that Attra- 
tion not only the Boat B carries to A, but alſo 
the Boat will be equally drawn to B; ſo that the 
Quantity of Motion will be equal in both; and 
if the Boats be of the ſame bigneſs and weight, 
they will meet at E the Mid-way between A and 
B. But ſuppoſe B Io Times greater than A, = _— 
wil 
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will have ro Times leſs Velocity than A, and the 
Boats will meet not at E but at D, ſo that D G 
will be 10 Times longer than F G ; if B is 1000 
Times greater than A, they will meet at the Point D, 
which will be ſuch, that G D will be 1000 Times 
reater than DF, and conſequently it ought to 
| 1000 Times leſs Velocity, ſo as to make 
the Momentum equal in both. If B be vaſtly 
greater than A, its Velocity will be vaſtly leſs, 
and altogether inſenſible. If a Man in A by 
the help of a Pole, thruſt the Boat B from him 
towards H, by that thruſting the Boat B forward, 
the Boat A will be thruſt backwards towards K. 
So that that there will be equal Quantities of 
Motion in both towards contrary Parts; and 
therefore if B is 10 Times greater than A, B will 
move towards H with 10 Times leſs Velocity than 
A} which moves the contrary way towards K, ſo 
that the Quantities of Motion in both are equal. 
If B is immenſely bigger than A, its Velocity will 
be leſs than A's in the ſame proportion, and 
conſequently its Velocity will be altogether in- 
ſenſible in reſpect of A's, and may be reputed 

AS nonc. | | 
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Hg. 17. Plate zu. And therefore if a Man in 
2 Boat thruſt the Eartli or Shore from him, the 
Boat by this thruſting will recede from the Sliore; 
for the Shore may be conſidered as a prodigious 
my Body in reſpect of the Boat, and conſequent- 
y its Velocity will vaniſh and be equivalent to 
nothing. When'a Boat is rowed with Oars, the 
Water by the Motion of the Oars is repulſed back 
to C, and therefore will re- act upon the Oars, 
and give to the Boat, to which they are fixed, a 
Motion towards D; and it is only upon this Ac- 
count that the Boat advances forwards; ſor if there * 
was no Re. action, and the Water by being thruſt 
back did not give the Boat a Motion forwards, they 
muſt ſtand ſtill, becauſe there would be no Cauſe for 
its Motion; but no ſince the Water re- acts upon 
the Oars, it communicates by its Rx. action, as 
much Motion to the Boat forward, as the Oar did 
to the Water backwarll ll 
Since Koimming is nothing but Rowing with 
our Hands and Feet, we may eaſily underſtand the 
Reaſon. why by this Motion of our Hands and 
Feet we advance forwards ; for when the Water is 
thruſt backward; it by Re- action will repel the 
Koimmer forward. Likewiſe when by the TR 
. % 0 


NS —— —ä — 1 m 


[.66 ] 
of our Hands we thruſt the Water down, it wilt 
by Re- action force us upwards. 
And the ſame thing is to be applied to the 
Flying of Birds, which is nothing elſe but Stim- 
ming in the Air. The general Nules that all Ba- 
dies obſerve in their Motion, is this: The Sum of 
their Motions towards the ſame Part, (which is. 
known by taking the Sums when the Bodies move 
the ſame way, and the Difference when they move 
contraryways) remains the ſame always before and 
after the mutual Impulſe. ih 
BODIES that have no Elafticity after their 
Congreſs, move together without any Separation 
towards the ſame Side where was moſt Motion; 
and becauſe the Sum of their Motions is always 
the ſame before and after Percuſſion, if we ale 
the Sum and divide it by the Quantiry of Matter 
or Weight of the Bodzes, the Quotient will. give 
their common Celerity with: which they will move 


after their Conjunction. Suppoſe A B equal each, 
for Ex. to a Body of fe Pounds; and fuppoſc 
B at reſt, and A to move towards it with four Pe- 
grees of Felacity ; becauſe B has no Motion, the 
Sum of their Motions will: be four times Five, or 
Twenty, which being divided by the Sum of their 

5 Weight 


[ 67 ] 

Weight (wiz.) Ten, their Quotient Two will be 
their common Velocity after Conjunction: So that 
if one Body move directly upon another, equal 
to it which is at reſt, after their Conjunction they 
will go together with half their former Velocity. 
If A and B were equal, and B moved according 
to the ſame Direction with A, but with lets Veloci- 
ty after their Conjunction, they will both go to- 
gether with half the Sum of their Velocities. Sup- 
poſe A's Velocity Eight, and B's Six after Impulſe, 
the Velocity of cach will be One; if B moved by a 
contrary Direction with leſs Motion than A has, 
then if the Bodies be equal they will move toge- 
ther with half their Difference after meeting; but 
univerſally their FVelocities are determined by taking 
the Difference of theit Motions, which is the Sum 
of their Motions towards the ſame Direction, and 
dividing it by the Sum of the Bodies. Suppolc 
A to be ten Pounds and B to be fix, let As Ve- 
locity be Five, and B's Three, the Difference of their 
Motion is Thirty-two, which being divided by Six- 
teen the Sum of the Bodies, the Quotient Two is 
the common Velocit _ — a A and = 
moving cont: ays, have equal Quantities 
— her Conran chey will both reſt; for 
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[4] 
in this the Difference of their Motions being nothing, 
after meeting they can have no Motion. As for 
Example, ſuppoſe A ten Pounds and B Eight 
Pounds; let A's Velocity be Four and B's Five, in 
this Caſe the Motion in each will be Forty, there 
being no Difference of Motions, the two equal 
and contrary Forces acting one upon another will 
deſtroy one another's Motion; and therefore 
Des Cartess Law of Motion is falſe, by which he 
ſaid, There was always the ſame Quantity of Moti- 
072 preſerved in the old. Hits 30 U A 

It there was no Elaſticity, the former Laws 
would ſerve for all Bodies; but by Reaſon there 
are few Bodies but what are Elaſtick, the Rules of 
common Motion are ſometimes very different from 
theſe already given; for by the Force of Elaſtzeity of 
Bodies, ſometimes they move after Percuſſion, and 
according to the ſame Direction, and ſometimes 


they go in contrary Direction 


That we may explain the Cauſe of Reſilition 
and Separation of Bodies, we may illuſtrate it by 
an Example thus. [Plate 3. Bg. 15.] Let AB 
repreſent a Silken -· Thread, or Cats-Cut, ſtretched 
and ſtrongly extended upon the Table by the hel 
of two Nails. It the Thread taken by the middle 


Point 


[6] 


Point and moved out of it's Place, ſo that the 


Point D comes to C, and the Thread lye in the 
Polition A C B, and then left to its ſelf, it will 
immediately with Force go to reſtore its ſelf to 
its former Poſition. Now by the continually act- 


ing of this elaſtick Force, by which it endeavours 
to reſtore it ſelf, it will continually increaſe its 


Velocity juſt as heavy Bodies do; and when it 
comes to the Point, it will have a Force to go on 
forward, equal to that by which it was forced out 


of its Poſition, by which Motion it will go on till 
it comes into the Poſition A E B, and then it will 


reſtore it ſelf again, and perform Vibrations juſt 
as in a Pendulum. 1 
Now let us ſuppoſe a Body, as D [ Plate 3d. 
Fig. 15.] to run from F upon the Thread A B, 
the Thread by this Force will be put out of its 
- Poſition A B into the Pofition A E B, where it will 
| wane ſtop the Motion of the Bod) D: Now 


ic Motion of the Body D being deſtroyed, the 


Thread by its claſtick Force endeavouring to re- 
ſtore it ſelf will return to its former Poſition, 
with the ſame Force by which it was put out of it, 


and will bring back the Boch D again with it; and 


when it comes to the Poſition A D B, it will have 
| the 


| 


0, 
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the ſame Force to go forwards towards F, as it 
had when it was put out of its Poſition firſt. But 
when it was put out of irs Poſition firſt, ir had all 
the Force of the Body D impreſſed on it; for all 
that Force was ſpent in bending the Thread: There- 
fore it will reſtore it ſelf with all that Force, and 
conſequently drive the Body D backwards by the 
fame with which it came upon it. The Body D 
having then once got an Impulſe backwards, equal 
to what it had at firſt forwards,will by the Fir 7 
4 Nature always continue in that Motion, and 
therefore will be reflected with the fame Velocity it 
had at firſt forward; if the Thread does not reſtore it 
ſelf with the ſame Force with whick it was bended, 
the Body will not be reflected with the Velocity 
equal to what it had at farft. ¶ Plate 3, is L3.] 
If the Body runs ſloping upon the Thread, en, 
Reflection will be oblique, ſo that the incident 
Angle B be equal to the reflected Angle C. If 
inſtead of the Thread there was placed an Elaſtick 
Body, and ſuppoſe irs Surface bended in by the 
Force of the Stroke from the Poſition at D B, into 


the Poſition A CB, as ſoon as ever the Force of 


the Stroke ceaſes, the Surface A C D by the Force 
of Elaſticity will be reſtored. into its former Poſi- 


tion; 
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E 
tion; and by all the Force by which it reſtores it 
felf, it will act upon the Body F and make it move 
back again. Now if the Body be a perfect El- 
flick Body, it will reſtore it ſelf with the ſame Force 
with which it was compreſſed, and therefore it 
will make the Body F recede from it with the ſame 
Velocity with which at firſt it advanced towards it. 
| Now that all Reflecting Bodies, as Glaſs, Ivory, 
Marble, &c. are Elaſtick, may be cafily conclu- . 
ded from the Sound and Tingling which they give 
when they are ſtruck ; juſt as in a Silken or Lute- 
String, when it is ſtretched and ſtruck, they pro- 
duce an Undulation in the Air, cauſed by frequent 
Vibrations, after the fame manner, but not ſo laſt- 
ing; but it may be more eaſily proved from the 
Concourſe of Glaſs or Marble Spheres: For if you 
tinge one with any Colour, and let the other 
fall upon it, the Percutient Body will have a greater 
Portion of its Surface tinged, than that in which. 
it touches; and therefore by the Stroke. it 
muſt be ſomewhat flatned, tho' afterwards it re- 
ſtores ir ſelf again. Bodies that are perfectly E- 
laftick recede from one another after Impulſe with. 
the ſame Velocity as before they ſtruck, or = ap- 
proached one another; or which is the ſame ng, 
| their 
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their relative Velocity before and after their mutu- 
al Percuſſion abides the ſame. The Reaſon is this : 
Bodies recede from each other only by their Ela- 
ſtick Force, by which they reſtore denfolyes to 
their firſt Figure; but that Force is equal to the 
Force of the Stroke by which the, Figures were 
changed, and the Stroke is always in the Proporti- 
on of the Velocity by which they approached 
one another: And therefore the ſame Force will 
make them recede from each other with the ſame 
Force as they before came to each other. If the 
Bodies move towards contrary Directions, the 
Force of their Stroke is as their relative Velocity, 
which is equal to the Sum of both their Veloci- 
ties; but if they go on in the ſame Direction, the 
Force of the Stroke which is ſtill as the relative 
Velocity, will be likewiſe as the Difference of their 
abſolute Velocities; for the relative Velocities are 
always as the Difference or Sum of their real Velo- 
cities, according as Bodies move in contrary or the 
ſame Directions. | Cort 6d Tire 
From this Property of perfect Elaſtick Bodies, 
and the univerſal Law of Motion, that the Sum 
of their Motions towards the ſame Direction al- 
ways remain the ſame, tis caſy to determine the 
| Velo- 
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Velocity of each of the Elaſtick Bodies after Per- 


The Ru LES which they obſerve, are theſe 


following. A 

I. If a perfect Elaſtick Body comes upon ano- 
ther equal to it, and at reſt, after Percuſſion, the 
Percutient will ſtand / J. and the other will go for- 
ward with all the Velocity of the Percutient. 

2. If two equal Elaſtick Bodies move accordin 
to the . ame Direction, after 3 they wil 
change their Velocittes one with another, and the 
Antecedent will have the Velocity of the Conſequent, 
and the Conſequent of the Antecedent. 
3. F two equal Bodies move contrary © after 

meeting, they will both reflect and change their Velo- 
cities one with another. 

4 Tf alittle Elaftick Body comes upon a greater 
which is at reſt, the inpingent Body will be reflected, 


and the other will £0 forward with a Motion equal . 


= 


to both the Motion of the * forwards before 


the Impulſe, and its Motion backward after. 
5. If -the greater Body comes upon the leſſer, they 
with both move after the Stroke in the ſame Di- 
recon. 


L 7-3: 


1 
Thoſe that underſtand Algebra, may eaſily 
Calculate the Velocity of all ſorts of Elaſtick 
Bodies after their Mutual Congreſs. | 


HYDROSTATICKS. 
' DEFINITIONS. | 


1. * Fluid 4 4 Body, whoſe Parts yield to 
NA) 9 


Force impreſſed, and by yieldin 
a 2 95 5 

2. A Solid 24 Body, whoſe Parts are 

ſo connected, as not to be divided withuot a deter- 
minate Force. . 
By Solidity, we don't mean that A we of Bo- 
dies, whereby they reſiſt Penetration; but the Co- 
herence of the Parts, by which they endeavour not 
to be ſeparated. Monſr. Ozanam's Definition of 
a Fluid and a Liquid are theſe. A Fluid is a Bo- 
dy which is eaſily paſſed through, and whoſe ſepara- 
ted Parts join again immediately; as Air, Flame, 
Water, Oil, #, and other Liquors. A Liquid 2 
a Fluid, which being in a ſufficient Quantity, flows 
| continually 
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continually and ſpreads it ſelf below the Air, till its 
upper Surface is Level, or in 4 horizontal Poſi- 
tion. ä 1 3 

3. Gravity # that Force which puſhes Bodies 
dowmuards. Is ; ? 
4. One Body is ſaid to be Intenſely or Specifical- 
ly heavier than another, when it has more Weight 
and LY ſame Bulk, or as much Weight and a 7: 

Let Abe an Inch of Wood, and B an Inch of 
Lead; if B weighs Four Ou. 
ces and A One Ounce, B will © 
have Four Times more Spect- + 
fick Gravity than 4. 
Let Abe One Ounce of Wood 
and D One Ounce of Lead, if 
A be four Times greater thin ; 
D, then D will have four Times the Specifick Gra- 
vit) of A; for there 1 a reciprocal Proportion be- 
tween the Bulk and Speofik Gravity of aqui- 
ponderous Bodies. x 
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Prop. I. 


Both the Superior and Inferior Parts of any heavy 
Fluid are heavy, and the Superior preſs the 
Inferior by their Gravity. (0. 

Plate 3. Fig. wo T a Fluid be put in the 

. Veſſcl AB CD, I ſay all its 

Parts are heavy, and that the Superior Parts A EF 

D preſs the Inferior; for ſince the whole Fluid is 

heavy by the Hypotheſis, and the Parts partake 

of the Nature of the whole, it appears that all 
the Parts are heavy ; wherefore ſince Gravity is that 

Force which puſhes Bodies downwards, it appcars 

alſo that this Force is exerciſed on the interior 

Parts of the Fluid, which are therefore preſſed by 

the Superior. 22% LIES 


"COROEL. : 


From hence it follows, that the Preſſure on a: 
ny Part of a Fluid is always according to the 
Height of the incumbent Fluid ; for the Superti- 
cics E F is preſſed by AE E D, and the Superfi— 
cies GH by AGH D, whoſe Weights or Preſ- 
{ures are as A G. 4 EE 

- : E A- 


1 
EXPERIMENT. 
Take a Glaſs Bubble, and having by Heat ex- 


pelled ſome of the Air out of it, immediately 
Seal it Hermetically : When it is cool tye it to a 
Balance, and add ſo much Weight to it as 
will make it ſink; then put Weights in the other 
Scale to keep it from ſinking; . 6 break off a 
Piece of the long Neck of the Bubble, within the 
Water, ſo that the Water may run in, and you 
will find that the Weight in the other Scale will 
not keep the Balance even; whereas if the Water 
within the Bubble did not weigh, the whole would 
{till be kept in ÆAgauilibrio, becauſe according to 
that Suppoſition, there is no Addition of. Matter 
that wein: "os 
Hence it is plain, that Water weighs in Wa- 
This Experiment refers to Cor. Prop. I. 
On this Principle are founded all Water-works 


and Fountains; according to the Height of their 


Reſervatories, {0 =: 4 will the Water riſe. J. C. 
It the Reſervatory be Twenty Foot, the ſpouted 


Water will riſe Twenty Foot, allowing for che 
Reſiſtance of Air. N 


Plate 


[ 78 ] . 
Plate 3d. Hg. 25.] If you tap a Barrel full 
of Water at ſeveral Places, the higheſt will 
ſpout our, the leaſt Way, becauſe its Height from 
the Surface is the leaſt, and conſequently the Preſ- 
ſure is the leaſt ; that which is loweſt will ſpout 
fartheſt, - becauſe farther from the. Surface, and 
therefore the greater Preſſure will be upon it. 
But this muſt be underſtood if the Barrel be a ſuf- 
ficient Height above the Plane on vhich it ſpouts, 
as in the Hg. 25. Plate 3d. for if the Barrel 
ſhould - upon an horizontal Plane, the Li- 
quor which comes out at the Middle of the 
Veſſel would ſpout fartheſt ; becauſe, tho the 
Liquor comes out at Bottom with the greateſt Ve- 
locity, the Plane would intercept it at a leſs Di- 
ſtance from the Barrel, than if the Barrel was high- 
er. In ſuch a Caſe the Liquor ſpouting from an 
Hole, as ncar the Level of the Surface of the Li- 
quor in the Barrel, as the Diſtance of the loweſt 
Hole from the Level of the Plane on which it is 
to ſpout, will fall on the Plane in the ſame 
— as the Liquor that comes out at the loweſt 
. "Fl DOSS SH ©} 
Plate 3d. Fig. 26.] If the Spout of a Barrel 
be turned upwards, the Water will riſe as high ar 
* 


of it, up to the N the Water in the Bar- 
rel, wiz. to A; and as the Water ſinks fo. will 
the ſpouted Water without ſink too. 


72 Prop. 19 


In any Fluid [. Fig. 19. Plate 3d.] as AB CD, 
not only the Parts are preſſed downwards, . but 
there is alſo a lateral Preſſure, and a Preſſure from 
„„ VEG EY 

For when, a Fluid is preſſed from all Sides, it 
endeayours to recede from that Preſſure ; from 
whence that Force of receding will preſs all cir- 
cumjacent Bodies, whether Fluid or Hard. V, G. 


Let a Drop of Water [Hg. 22.] as 4 be preſſed 
by the Finger D upon the Plane B C, it will not 
only preſs the Plane B C, but endeayour to recede 
towards the Parts B and C; and if there be any 
Body as E, which hinders its Motion, it appears 
that that Body is preſſed with all that Force by 
which it endeavours to recede towards B. After 
the ſame manner in the Fluid [ Fig, 20.] A B CD 
let any Part be aſſigned as E, which by the fore- 
going Prop. is preit by the upper Pare G, and 
endeayours to recede towards the Parts F K, * 

| ore 


- 


; [ * ] 


fore it muſt needs be that it preſſes F and K with 


Parts ABCD. 
CORO LI. 


Hence the lateral Preſſure is according to the 
Height of the incumbent Fluid. | 


all that Force by which it recedes .towards-»rheſe 


SCHOLIUM _ 
Hence it's eaſily underſtood why Hats well 
ſtopt, and only full of Air, being let down into 


the Sea (by ſome Weight tied to them) are bro- 
ken, vix. by the great Weight of the incumbent 
Water, which neither the Soundneſs of the Haus, 


nor the included Air is able to reſiſt. 
EXPERIMENT. 


If you immerge a Glaſs Tube in Water, and 
ſtop the open End | Fig. 24. Plate 33 your 
Finger, to hinder the Water from falling out of it 
again, and immediately take the Tube of Water 
and put it a pretty way into a Veſſel of Oil, ſo 
that the upper-moſt Surface of the Water may be 

8 8 —_ 


[81 ] 

below the Surface of the' Oil, the Oil will force 
the Water up for the Oil at EF being more 
preſſed by the Columns of Oil G and H, than it 
is by the incumbent Water at M, will be forced 
upwards, and it will make the Water at M to aſ- 
cend, till the Huid in the Tube preſſes as much 
on the Surface M as the Oil at G H does on the 
e y SES 
Now: becauſe Water is heayier than. Oil, the 
Water in the Tale will not riſe. ſo high as the 
Surface of the Oil, for the Water being heavier, 
a Column of a leſs Height will preſs as much on 

M as the Columns GH len 1 
ighter Haid may preſs 


Hence we ſee that a 
on one that is heavier. 


a— 


Prop. III. A 


Fig. 20. Plate 3.] If all the Parts FEK of 
an homogeneous Fluid, as A B C D, which lye un- 
der the ſame horizontal Plane, are cqually preſ- 
ſed;;. from ſuch a Preſſure there ariſes no Motion, 
for when the Preſſure is equal on all the Parts, 
they all will preſs cach other with, an cqual 
Force; wherefore no one Part will yield to ano- 

| MM ther, 


[ 32 ] 
ther, but the under . Fluid powerfully aſſiſted by 
the Bottom of the Veſſel, reſiſts their Preſſure 

downwards; therefore, from ſuch a Preſſure there 
ariſes no Motion 

Hence alſo the Parts of an homogeneous Hu- 
id are at reſt, and not moved by any inteſtine Mo- 
tion; for ſince all the Parts equally reſiſt, one 
Part will not yield to another, and therefore are 
not moved. Contrary to Des Cartes's Opiniorf* 
who held, that Fluidity conſiſts in a continual and 
various Motion of the Part. 


Prop. IV. 


Plate 3. Fig. 20.] If any Part as E, of the 
Fluid AB CD is more preſſed than the reſt, it will 
drive both the Parts under it, and thoſe on every 
Side (a latere) ont of their Places. For if the 
Parts of a Nuid caſily yield to any Force impteſ- 
ſed (by Def. 1.) it appears that the Parts EG 
which are next to E, will give place to it preſſing 
with a greater Force, from whence E flows into 
STE 1, ee | 


a” 


EA 


t 
EXPERIMENT. ; 
Fig. 23. Plate 3d.) Fill a Tube with Oil, and 


immerge the Bottom a little way in a Veſſel of 
. Water, (the top of the Tube being kept ſtopt with 
your Finger) ſo that it ſtand a good way above 

the Surface, as at u, then the Mater at m being 
preſſed by a high Column, will be more ſtrongly 
preſſed by the incumbent Oil, than E and F are by 
the incumbent Water; conſequently it will (after 
your Finger is removed from the top of the Tube) 
thruſt the Water at E and F out of its Place to 
give the Oil liberty to deſcend, and then you will 
{ce the Oil come out of the Tube in Drops, and 
then mixing with the Water. it will aſcend and 
{wim on the top. 3 


Prop. v. 


Plate 3d. Fig. 20.] If the Parts E of the Fluid 
AB CP be leſs preſs d than the reſt, the Parts next 
to it as F G K being more preſſed, will thruſt it 
away and poſſeſs its room, and the Part E will 
Liſe until the Preſſure of the Parts next to it be e- 
qual to its own Preſſure. 8 

f M 2 : = _ 
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For, ſince the Part E being leſs preſſed, cannot 
reſiſt the reſt preſſing ſtronger, it will yield to 
them by the 1. Def. and that always till it come 
to ſuch a Place, where the Preſſure of the Parts 
next to it be equal to its own Preſſure, where, by 


the 34 Prap. it will reſt; but if it be a, uid, and 


it happen that it reſts not under the Superficies, 
it will ſpread it ſelf all over the upper Superficies. 


COROLL. 
Hence if the Parts of a Fluid arc in Ægquilibrio, 
they are all equally preſſed under the ſame hori- 


_ zontal Planes. 


EXPERIMENT. 


Fig. 24 Plate 3.] Take a Tube and fill it a little way 
with Oil, and ſtop it as before, the Oil will ſtill re- 
main in the Tube (being kept there by the Preſſure 


of the Air) immediately immerge the Tube in Water 


(which may be tinged with Cocheneal for the bet- 
ter Diſtinction) a good way below the Surface of 


the Oil, then take off your — and you will 


immediately ſce the Mater thruſt up the Oil above 
the Surface. The Reaſon is this: Suppoſe the Oil 


— — 
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in the Tube only to reach to c, then the Surface 


of the Water at g being only preſſed with the Co- 


lum of Oil cg, and the Water at S and R being 


preſſed with higher Columns 4 S, & R the Parts 
of the Fluid at S and R, being more preſſed than 
the Parts g, will thruſt 15 out of its place, and 


make it aſcend in the Tube, and preſs upon the 


Oil which will continually riſe, till when it is at 
a the Oil and Water in the Tube preſs as much 
upon g, as the Columns 48, b R do upon S R. 
Now, becaufe the Oil is lighter than Water, the 


Column of Oil which preſſes as much on the Sur. - 


face g, as a Column of Water would do, muſt be 


higher than the Column of Water; and therefore 


the Oil will riſe higher than the Surface of the 
Water to 4. 


It we try this Experiment with Water in Oil, 


the Water in the Tube will be below the Surface 
of the Oil, as at G H, ſo much as it is ſpecifical- 
ly heavier. Hence we. ſee a- higher Fluid may 
preſs on one that is heavier. 


The ſame will hold if a Solid preſs upon the 


Fluid ; nay, even Lead may be made to {ſwim in 
the following Manner. Take a Cylindrical Glaſs 
open at both Ends, and ground at Bottom; then 


holding 


—— —— — — —— uu — - 
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holding a ſmooth Weight of Lead cloſe to the 
ground End of the Glaſs (with wet or oiled Lea- 
ther upon the Lead, that no Water may get into 
the Glaſs betwixt it and the Lead) plunge the 
whole in Water till the Depth of the Lead in the 
Water be about twelve times irs Thickneſs, or 
ſomething more, and the Water will keep the Lead 
from ſinking; puſhing againſt it by a Force equal 
to the Exceſs by which the Water (which is by the 
Veſſel hindered from preſſing immediately under 
the Lead) exceed the weight of the Lead. But if 
the Veſſel be raiſed till the Lead be but nine or ten 
times its Thickneſs below the upper Surface of the 
Water, the Lead will leave ihe Glaſs and ſink 
down, moving as it leaves the Glaſs with a Force 
equal to the Exceſs, by which it exceeds the Water 
that it keeps out from preſſing immediately under 
the Lead; becauſe a Pillar of Water of the Dia- 
meter of the Lead ought to be twelve times its 
Thickneſs, to be equal to it in Weight. Thus 
will any Metal be made to ſwim, if they are 
ſunk in the Water ſomething deeper than as ma- 
ny times their Thickneſs, as they are ſpecifically 
heavier than Water; always ſuppoſing the Claſs 
to hinder the Water from coming in to ſink above 
them. 
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them. As for Ex. Braſs, Copper, Cold, Anti- 
mony, Iron, will ſwim if plunged above 8, 9, 18, 
4, and 7 times their Thicknels, becauſe they are a- 
bout 8, 9, 18, 4, and 7 times ſpecifically heavier 
than Water. bs 

Thu Experiment will ſerwe to illuſtrate the 2d 
and 4th Propoſitions. 8 | 


Prop. VL 


Plate 3. Fig. 21.] Let AB CD be a Veſt 
of ſuch a Figure, as that its Baſis C D be greater 
than its upper Superficies A B. I ſay that a Hluid 
contained in ſuch a Veſſel preſſes the Baſis C D as 
much as a Priſm or Cylinder EC D E, whoſe 
Baſis is C D, and Height EC, equal to the Baſis 
and Height of the Veſſel AB CD, would preſs it; 
for ſince by the Coroll. of the 5th Propoſition all 
the Parts of a Huid comprehended under the ſame 
horizontal Planes, are equally preſſed; it appears 
that the Parts at C N and DM are preſſed as much 
as the Parts at MN, but the Parts at MN are 
preſſed by the Priſm or Cylinder A B MN, from 
whence it appears, that the Parts at C N and DM 


are as much preſſed as the Priſm or Column 
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ECN ADM B would preſs them; wherefore 
CD is preſſed as much as it would be if the 
Huid E C DF hy upon it. : 


COROLL. 


Hence ſince Meight is as Preſſure, it manifeſtly a 
pears that the Baſis C D ſuſtains the ſame 2 1 
which it would if preſſed by ECD F, which (tho 
it ſeems a Paradox) this Experiment confirms. 
EAPERIJMENTT. 

Plate g. Fig. I.] Let ABC D: be a Cylinder 
of Braſs, exactly filled with a moveable Baſis, 
ſo exactly contrived that no Mater may run out 
between it and the Side of the Cylinder ; let a be 
along Braſs Tube continued to the top of the 
linder; let a Rope that is tied to one End of 
the Balance, and runs thro' the Tube, be fixed to 
the. Middle of the Baſig at a, then pouring Ma- 
ter in at E, fo as to fill the Cylinder at A B, ſee 
what Weight in the Scale K will be required to 
move or raiſe the Baſis a preſſed by a Column of 
Water ABCD. As for Ex. Suppoſe Ten Pounds 


after this fill the Tube with Mater up to the, top, 
| which 


[ 39 ] 
which if it be three Times longer than! the Cylin- 
der, you. will find that there will be need of three 
Times more Weight to raiſe the Baſis, than when 
it was preſs d by only the Column of Water A BC 
D; whereas it was then raiſed by ten Pounds, it 
will not now be raiſed by leſs than forty, which will 
be the Weight of a Column of Water, whoſe Baſes is 
equal to the Baſis G; and whoſe Height is equal 
to that of the Tube and Cylinder, wiz. G C DH. 
There are ſeveral ways of proving this Paradox. 
Horſe-Hatr is reckoned to be a Body that 
comes neareſt the Specifick Gravity of Water. | 


Plate 4. Fig. 2.] If in a Fluid, as AB CD 
be let down a Body E, having a Specifick Grawi- 
7 equal to that of the Fluid, the Body will be all 
covered in the Fluid, and will retain any given Po- 
ſitiag. 

For if any Part of it as E ſhould remain above 
the Superficies of the Fluid, that Part of the Flu- 
id, vic. which is under the Body E would have a 
greater Preſſure than the Parts I and K, which are 
only preſſed by the N Fluid. For the 

e ; : ini- 
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immerſed Part of the Body E preſſes H of it ſelf, 
25 much as the Fluid in its room would do; fo 
that the Part which is out of the Mater added to 
che Preſſure, will force the Part H of the Fluid 
out of its Place, by the 4% Prop. therefore the Bo- 
dy E will — and be all immerſed; and there- 
fore, as in * 9th. when the Body has an intenſe 
Gravity, equal with that of the Fluid, both the 
Parrs under the Body, and thoſe under the Fluid 
in the ſame horizontal Plane, are equally preſs d; 
ſo that by the 34 1 there ariſes no Motion 
from ſuch a Preſſure: And ſince the ſame Reaſon 
holds good in every Poſition of the Body, it is 

manifeſt that it retains any one that is given it, 
KED. 


Prop. VIII. 


Plate 4. Ig. .] If in a Fluid, as ABC 
be immerſed any Body as E, fpecifically heavier than 
the Fluid, the Body will deſcend to the Bottom, 
but with a Force equal to the Exceſs by which 
the Gravity of the Body exceeds the Gravity of 
fo much of the Fluid as is equal to it in Bulk. 

For if the Body and the Fluid were both of 
the ſame Speci ick Gravity, the Body would not 
* B deſcend 


„ 
deſcend by the 7th Prop. But when it is heavier 
than the Fluid, the Parts H under the Body are 
preſſed ſtronger than thoſe under the Fluid; 
wherefore by the Exc of that Preſſure, the 
Parts H will be thruſt our of their Places, there- 
fore by the ſame Exceſs E vill deſcend K E D. 
1 9 e Ss 
A Body immerſed in a Fluid loſes as much of 
its Gravity as is the weight of a Portion of the 
Fluid, equal to it in Bulk; for Cravit) is a Force 
which puſhes a Body downward. Now ſince a 
Body deſcends with that Force only, by which ir 
exceeds the Gravity of an equal Bulk of the Flu- 
id, it appear that it gravitates in Mater with this 
Force alone. | . 
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| Weigh a piece of Lead in the Air, ſuppoſe 
twelve Pounds; and afterwards weigh it in the . 
ter, and find how much it loſes of its weight, 
ſuppoſe 17 Oz. Obſerve alſo how high the Lead 
— the Water when put into it, then take out 
the Lead and put in 17 Oz. of Water, and you 
will find that the Water added will riſe as higt in : 
"6 : N 2 5 


o 
* 
— 


Wo 
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the Veſſel as the Lead raiſed it before; and there- 
fore the Weight that a Body loſes in the Water, is 
juſt equal to the Weight of as much Water. as is 
equal to the Body in Bulk; what Weight the Bo- 
dy loſes the Water gets. For Ex. Suppoſe a Veſ- 
ſel of Water weigh ten Pounds; if we hang a 
twelve Pounds Weight in that Veſſel by a String, 
ſo that it may touch neither Bottom nor Sides, 
the Veſſel of Water will weigh ten Pounds and 
ſeyentcen Ounces, which is juſt the Weight that 
the Lead of twelve Pounds loſes, and what che 
Lead loſes the Body gains. 136.7104 
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Tuo Bodies which are of different Specifick 
Gravity, as Gold and Silver, Aquiponderous in 
Air, or rather in vacuo, being * in a Flu- 
id, that which is of the greateſt 2 Gravity 
will preponderate. For fince every Body immer- 
ſed in Water loſes of its Gravity, as much as is 
the Cravity of a. Portion of the Fluid, equal to 
it in Bulk; it appears that that which takes up 
the leaſt room, that is, that which is ſpecifically 
heavier, loſes leſs of its Grawty, and fo prepon- 
r 
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: Tale a an a of Biel 128 a \Picke of 

Lead of the ſame weight; when they are weighed 
in the Air, afterwards weigh them in the'; ater, 
rr Lead will Pre pode” HQ 6569 25; 


| x 1100 (27 \ 1 ur 61 


d % C ants COR CEE 
"Bod ac _ lifed up in War chan; in Air. 


«7 F 1102 6 107101 2004 31 Fo: * 


„COA LE Pg 


Hence the Weight of any Fluid is eaſily fd 
Viz, by immetſing a Gad Fot of Lead into 


it, and its Difference between its, Weight in the 
Fluid, and its Was! in vacuo, is the. 5 of 


ts eerie 5 
l Prop IX: 


* . 
4% * 4 


3 + 70 If in a Fluid a as ABCD, 
the Body ſpecifically lighter ** the Fluid be 
immerſed, it will not be covered, only ſo much of 
it as is equal r to a Portion of the Fluid, which is 


as Hoary, as the whole Body. . 


Ty 


or 


4 = 
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For if the whole ſhould be immerſed, it ap- 
pears that the Parts of che Fluid under it, are leſs 
_ preſſed than thoſe under the - fame horizontal 
Plane are by the incumbent Fluid; becauſe the 
Gravity of the Body E is leſs than the Gravity of 
an equal Bulk of che Fluid: Therefore by the 5th 
Prop. the Parts under E will riſe till they come to 
ſuch a Place, as where the Preſſure of the Fluid 
AIR is but equal to the Preſſure of E, that is, 
when tlie Pteſſure of the Body E is equal to the 
Preflure of as much of the Fluid as would be 
put in the Place of the ſubmerſed Part. 


© "Hence fince the e Crævitits of Bodies are 
reciprocally as the of Æquiponderom ones; 
by the 4th Prop. the immerſed Part of the Body 
E will be to the winds as che Specifick 2 
of the Body to the Specifick Gravity of the Flui 

Therefore the Gravity of Bodies put in a Hu- 
id is twofold; one True and Abſolute, the other 
Relative and Apparent; by the firſt Sort of Gra- 


vity 
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vity the Parts of Fluid and of Solid Bodies, gra- 
vitate in their Places; therefore the Weights being 
joincd, they compound a Weight of the whole. By 
Relative m— Bodies do not gravitate. mtheir 
Places, that is, they 

ther, but hindering each others Endeavour to de- 
ſcend, thy demain in their Places, as if they were 


not heavy; thoſe things which are in the Air and 
do not preponderate, the common People do not 
think heavy, but thoſe which do preponderate 


rm — heavy, becauſe they are not ſuſtained 
nothing elfe but the Exceſs of tue Weights, above 
the weight of the Air; from whance alſo thoſe 
things are commonly called light which are leſs 
heavy, and 1 to the preponderant Air 
mounts u Pyar $3. 1 are comparatively light, 
not truly ſo, becauſe they do deſcend in au 

Thus alſo in Water Bodies which deſcend, or 
aſcend by reaſon of their greater or leſs Gravity, 


are apparently and comparatively heavy or light; 


and cheirrelative Gravity or Lightneſs is the Ex- 
ceſs or Detect ONS their true Weights exceed 
the Gravity of Water, or are extended by it. 
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ey do not 1 one ano— 


weight of the Air. Com man Weights are 
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The immerſed Patts of unequal Bodies of the 
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The immerſed Parts of equal Bodies having 
different Specifick-Gravities, are to each other as 
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Prop. X 


| Plate 4. Bg 4 and 5] If the fame Body Ebe 


immerſe in different Fluids, heavier than it (elf, 


the immerſed Part will be reciprocally as the Speci- 


fick Crawities of the Fluids. 


For the immerſed part of the Body E in the 


Fluid AB CP is to the whole, (by Cor. 1. Prop. 
8.) as the Spectfick Gravity. of the Body tO = 
Specifick Gravity of the Fluid, and the whole is the 
immerſed part in the Fluid 4 Bcd, as the Spect- 


fick Gravity of the Fluid to the Spectfick Gravity 
ol the Body; wherefore by 2 3 of El. 5. the im- 
merſed Part in AB CD will be 


Part in-@Bc d, as the Gravity of the Fluid to 
a B cd to the Gravity of the Fluid A B CDR 


Herice appears a Method of finding out, whe- 


ther any Quantity of Salt is contained in Water, 


by the Aſſiſtance of an Inſtrument made in Glaſs, 
repreſented in Fig. 20. Plate 2d. And ſince Falt- 
water is heavier than Freſh; find firft how deep 
the Inſtrument ſinks in Freſh-water, and if in try- 
mg other Water it is Teſs immerſed, it's certain 
els + Bj * 


to the immerſed 


— 


9 


that Salt is contained in it, as being heavier, and 
by how much the leſs it is immerſed, by ſo much 
the more the Salt is in the Water. i | 
The Excellency of Liquors as Wine, for Inſtance, 
is found out by the ſame Inſtrument; for by how 
much the lighter ſuch Liquors are, they are com- 
monly eſteemed ſo much the better; but their 
Gravity is found out after the ſame manner. 


Prop. XI. 


. To find what Relation the Specific Gravity of a 
Fluid and a Body given, unmerſed in it, have to 
each other. 8 i = 
In the firſt place, ſuppoſe the Body to be ſpecifi- 
.cally heavier than the Fluid, and let its Weight be 
found in Vacuo, and then put it in the Fluid: As 
the Weight of the Body will be to the Exceſs (by 

which the ſame Bod) weighed out of the Fluid, ex- 
ceeds its own Weight. in the Fluid) ſo the Speci- 

fick Gravity of the Body will be to the Specifick 
Gravity of the Fluid. For the Specifick Graw- 
ty of Bodtes equal in Bulk, are as their Weights; 
but che Weight of à Portion of the Fluid. equal 
in Bulk to the Body it ſelf, by Con. I. Prop. S. is 


# that 


_ ET 
that Difference of the Weight; therefore theſe be- 
ing given, the Relation between the Specifick Gra- 
vities of the Body and the Fluid will be given al- 


ſo. 
hut if che Body immerſed be ſpecifically lighter 
than the Fluid, the Specifick Gravity of the Fluid 
will be to the Specifick Gravity of the Body, as 
the whole Body to the immerſed Part of it, by 


Cori Prop. 5. 
Prop. XII. 


Plate 2. Fig. 18.] The Solid Bodies as A and 
B being given, to find that Relation their Spegifick 


. 


Gravitics bear to each other. TEE 
Let the Relation of the Specifick Gravity A to 
the Specifick Gravity of the Fluid D, be found by 
the former Prop. and let the Relation of the Speci- 
fick Gravity of the Fluid D to the Specifick Gra- 
vity of the Solid B be found alſo ; from whence 
by 20. El. 5. the Relation of, the Specifick Gra- 
vity of the Solid A to that of the Solid B will be 
given. „ I ORERS. 

EN. „ 
Plate 4. Fig. G.] If upon the Fluid AB C, 
another Fluid as EAD F be poured ſpccifically 
8 higher 
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higher than the former, it will not be immerſed 
in the Fluid, yet it will preſs its Superficies by 
its Gravity. ; 

For ſince the Fluid AB CD is ſpecifically hea- 
vier than the Fluid EA D, its Force of tending 
downwards will not be exceeded by the Force of 
the Fluid EA D F; wherefore the Fluid EA DEF 
cannot deſcend below ABCD; yet ſince it is 
heavy, it is manifeſt that it preſſes the Superficies 
A with its Gravity? bj 


COROLL. I. 
Hence the Preſſure of any Fluid poured in; 
ſuppoſing it to be Homogeneous, and of the 
ſame Denſity every where, is always according to 


irs Height. 
COROLL.z. | 
By how much ſpecifically heavier the Fluid is, 
by ſo much the greater is its Preflure. $3.4 
 COROLL. 3. 


The Superficies of every Fluid is preſſed by 


Prop. 


—— — — —— — —— — —ẽ 9 
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4 Prop. XIV. 


Plate 4. Fig. 7.] If the Superficies of the Flu- 
id AB CD be preſſed by an incumbent Fluid, but 
the Part G freed from the Preſſure (which may be 


* 1 


done by the Aſſiſtance of a Tube, as Im n o, the 
Fluid G will riſe above the Superficies A D x, 

and that to ſuch an Height, as that the Superficies 
mn may be preſs'd with as great a Force as A m 
Dz; that is, it will riſe up to p 4. For ſince the 
. q of the Fluid are leſs preſſed than the reſt, 
it will rife by the 5 Prop. and that until n be 
preſſed with as great a Force as A n and D n under 
the ſame horizontal Plane. Bey 


Hence the Fluid pq which aſcends, has as 
much Gravity as the Quantity »  r s of the Fluid 
EF.A D would have of the ſame Height as EA 

2 COROLL. 2; 
Therefore the Specifick Gravity of Fluids are re- 
ciprocally to cach other as the Bulk ” the 
cen- 


] 
aſcended Fluid as pmng to the Bulk n my s, 


or when theſe two Bodies have equal Baſes reci- 
procally as their Heights. 
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Since Air preſſes the Superficies of all Huids 
by its Gravity, by Cor. 3. Prop. 13. If any Part 
ſhould be free from the Preflure, it is; manifeſt 
from the torcgoing Prop. than the; Fluid; will. al. 
cend above that Superficies which is not preſſed 
with the Air, until it preſs the Superficies under it, 
with as much Force as the reſt ot, the Supeęxficics 
3s preſſed by the incumbent Alp. 2 oft: 
And this Prop. is of very great uſe in Mydrd- 
ſtaticks, for by its Aſſiſtance all the Phanomena of 
Nature that uſed to be attributed to the Abhor- 
rence of a Vacuum are caſily explained. Nay, 
many things are drawn from it for the necefſar 
Uſes of Life, as Hringes, Pipes, and Gcher fach 
like N ichunes. But, Before we trent Of theſe 
things, it will not be amiſs to ſpeak a fe- Wofds 
of the Torricellian Exp iment, and to ſhew the 
Cauſe of it, from what has been abgve demon- 
| „44. 21. eren 
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EXPERIMENT... 


Tale 4 Veſſel of Water, and Miete a T, ube 
(open at both Ends) into it, then pour' Oil upon 
the Water, to the Height of tour or five Inches, 
which will raiſe the Water in the Tube ſo high, 
that it may preſs as Huch AH the Surface of the 
Water vox fa. it, as the Oil does on the reſt of the 


3% 0m 


Surface; let the ſame Experiment be tried with v 
— 1 Vide bal kg © ATA VE Ser 2. 


Clas de raid bee the Water will al. 
cend in it above the Surface of che ſtagnant Water, 
a8 at B. GG A: 1937 

The Air does not Gat oravirate on the Sethi: 
of 'Fluids, but alſo upon all Solid "Bodies, as may 
be proved from the Coheſion of- two flat Pieces 
of Glaſs" or Marble erat 5 liſhed: and ground 
together: It * OS 

That this depends upon ths Preſſure 4 the Air 

is plainly Cmced, by trying che Experjiienr in 
the Recdpibnt 8 r Air Bump; lor after an Exſu- 
on of rif6 of Ait ie Mar les drop aſunder. 


95 i- 012%, Another 


4 
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Another Argument for the Preſſure of the Air, 
may be taken from the Recipients ſticking to the 
Plate upon which they are fixed ſo cloſely, that 
after two or three Exſuctions it requires a conſide- 
rable Weight to pull it away. 


: 4 111 \ » & 3 | 
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Prop. XV. 


Plate 4. Fig. 8.] To ſhew the Torricellian 
Experiment and explain the Cauſe of it; let AD 
the horizontal Super ficies of the Y arck-Silver con- 
tained in the Veſſel A D be expoſed to the Preſ- 
ſure of the internal Air, and the Taube ? C ſtop- 
ped ar P and open at C, be filled with Nick Sil. 
ver; after this turn it, and immerſe its Orifice C 
under the Super ficies of the 9 21ck-Silver contained 
in the Veſſel A P, keeping its Orifice C ſtopped 
with your Finger, until that it be ſo immerſed 
chat the Neict. Aver do not run out by tumming 
the Tube; and then unſtop it, Beldng it in that 
Poſition. Now Experiment makes manifeſt, that 
the Nick: Gil ver in the Tule C will nor deſcend 
below the Height olf Twenty even or Twenty- 
eight Inches; and if the length of the Tube be 
leis, than Twenty-ſeven or Twenty-cight Inches, 

the 


1 
the Qick- Silver will not deſcend at all, until its 
Height n c be Twenty-ſeven or Twenty eight 
Inches (there being left within the Tube Pm u, a 
Vacuum of Air and Qeick-Silver) where it will 
remain. The Reaſon ot this Experiment appears 
from the foregoing Prop. For ſince the Super f- 
cies of Quick- Silver A D, is preſſed by the ſuper- 
incumbent Air, but its Part C is freed from that 
Preſſure ; it muſt needs be, that the Height of the 
Qwick-Siver in the Tube CP be ſo great, as that 
the pp C ſuſtain the ſame Preſſure from the 
incumbent Q wick-Silver, as the reſt of the 
Q wick-Sihver does from the incumbent Air. 
EXPERIMENT: 

If we immerſe the Tube thus filled, in Water 
inſtead of Mercury, the Mercury in the Tube 
will deſcend, _ che Water will. aſcend to the 
top of the Tube, per Prop. 4. „ 

N. B. F we incline the Tube towards the Ho- 
rixon, the ꝝ will riſe higher, and always keep the 
the (ame J height; for in the inclined Poſition it 
does not preſs 7 much upon the ſubjacent % as on 
the reſt, its Gravity acting purely againſt the Sides 
of the Tube. © Ex: - 
| "0 
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Jo prove that this deſcends upon the Preſſure 
of the Air, take a Glaſs Tiche four or five Foot 
long, which has one End (inſtead of being ſeal- 
ed Hermetically) tied over with a piece of Blad- 
der; fill it up with Water, and immerge it in ſtag- 
nant Mater, you will obſerve the Water not to 
deſcend at all; but if with a Pin you. make an. 
Hole in the Bladder, the Water will immediately 
deſcend quite out of the Tabe.. F 
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Hence a: Cylinder of of Twenty-ſeven or 
Twenty-cight Inches, N as much as a Co- 
lumn of Air, whoſe Height reaches to the top of 
the Atmoſphere, and whole Baſs is the. ſame as 
that of the Column of Quick- Silver. 


. EXPERIMENT: ...- 

We may increaſe the Weight of the Air by 
ſinking the Barometer into another Fliid; to wit, 
put it into a long Cylindrical Glaſs, and afterwards 
pour Water on the Surface of the ſtagnant Aer- 
cury, and the 9; will Rill riſe higher in the Tube, 
according as the Preſſure of the Water _—_— 
| ͤ  an_ 
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About fourteen Inches of Water, upon the ſtag- 
nant Quick- Silver will raiſe that which was in x: 
Tube about one Inch, there being Fourteen. to 
One between the Gravity of and Water. 
The Tube with # being put into a long Recei- 
ver, the 2 will fall down after the Air is pum- 
ped out. MOD os 
The ſame Experiment may be tried with Vater 
in the Tube, but the Mater will not ſubſide ſo 
faſt as the ꝝ did. And if in the Tube there be 
left a ſmall 4ir-Bubble, this Bubble will expand it 
ſelf and fill the whole Cavity of the Tube, even 
ſo much as to depreſs the Surface of the Water in 
the Tube, below the Surface of the ſtagnant Wa- 


COROLL. 2. 


If Air were of the ſame Denſity at all Di- 
ſtances from the Earth, its Height could caſily 
be found out ; for as the Difference of the Height 
of the v on the top of a Mountain, is to the 
Height of the & at the bottom of the Moun- 
rain; ſo is the Height of the Mountain to thc 
Height of the Air. SEA 
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It is manifeſt that a Cylinder of Water of Thir- 
ty-two Foot gravitates as much upon a Fluid un- 
der it, as the Air does upon the other Parts of it; 
therefore Water can be faſtained at ſuch a Height 
by the Gravity of the Air. n | 


SCHOLIUM 


I have ſaid that & is ſuſtained at Twenty-ſeven, 
or Twenty-eight Inches; for the Gravity of the 
Air is various and mutable ; ſometimes $ will 
remain Twenty-ſeven Inches, ſometimes Twenty- 
cight, and now and then it will aſcend to Twen- 
ty-nine or Thirty Inches; from whence it muſt 
needs be that the Gravity of the Air is changed 
proportionably to its Height. 

By how much the heavier Air is, ſo much the 
eaſier can it ſuſtain Vapours raiſed by the Heat of 
the Sun; for Vapours are nothing elſe but watery 
Particles rarified by the Heat 5 the Sun; and 
therefore the ſame Particle of Water taking up a 
greater Space, becomes ſpecifically lighter 4. 
Air; from whence of Neceſſity that Particle muſt 
aſcend until it come to the Air, whoſe Specifick 
Crawity is equal to its own, where it muſt reſt; 
but the Gravity of the Air decreaſing, it muſt 

| needs 


* E 7 
needs be that the Vapours will deſcend, which by 


the Reſiſtance of the Air in their Motion, are for- 


med into Drops of Water, from whence it cannot 
but Rain when the Gravity of the Air is leſſened; 
but when its Gravity is increaſed the Force is alſo 
increaſed, by which it is able to ſuſtain the Va- 
pours, and that remaining the Air is clear. Hence 


it is that ſuch a Tube filled with , and immer- 


ſed within the Swuperficres of ſtanding is uſed to 


ſhew the Gravity of Air and fair Weather which 


follows from ir. 


Prop. XVI. 


The Elaſtick Force of Air incloſed in a Veſſel 
of the ſame Tenor with the ambient Air, performs 
as much as the Burthen of the open incumbent Air. 

Let there be a Tube or a Veſſel, having an o- 
pen Orifice, by which there may be a Communi- 


cation between the internal and external Air; if 


then the adjacent Parts of external Air, be leſs 
preſſed than thoſe which are within the Veſſel, 
theſe will dilate themſelves by the 5th Prop. un- 
til they come to an equal Force; but if the exter- 
nal adjacent Parts (by the Preſſure of the 1 

| ent 
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bent Air) are more ys tha thoſe within, choſe 
that are witkin will be compreſſed, untill cheir E- 
as Force is equivalent to the Force Pteſſing from 
without. 


T Nis appears from Mr. Boyle 5 Experiments. 
N CO ROLL. „ 


From this follows the Reaſon why x we e do not 
fed the Agr of the Air. i 258 7 


C OROL Z. 1. 


From hence alſo we know why we do not feel 
the Weight of Water. © 


+ 8795: 
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COROLL 3. 


Plate u. Hg. 170. Let CD be a Pipe or cur- 
ved Tube open at both Efids, one of which, as C 
is immerſed in Water, or any other Fluid; the o- 
ther as E, being longer than C from the Curve, 
hanging without the Huid. If then by r 
the 2 comes to E, until it runs out, it wi 
continue running, altho you do not ſuck it, till 
the Liquor in the Veflel be cither all drawn out, 
or wants a due Height; yet upon this Condition 
that 
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that the Orifice E be lower than the Swperficies A 
B of the Liquor in the Veſſel; for the Air being 
ſuck d out of the Tube into the Thorax, the Fluid 
under it is forced into the Pipe, by the Preſſure 
of the external incumbent Air, 5 e preceeding 
Prop. therefore the Flrd will rife to = top D, 
until there is an Æqquilibrium with the Preſſure. of 
the external Air (tuppoſe the Height IG) that 
is, in . about Twenty-nine Inches, in Water a- 
bout Thirry-three Foot, and ſo in other Liquors 
proporttonably according to their Gravity, and. 


will run out fo ſoon as it finds a Paſſage, becauſe 


O 


the Water gravitates in the longer Tube; and the 
Reafon why D E ought to be longer than DC, is, 
becauſe if it were otherwiſe, Bock C and E would 
be preſſed equally by the Atmoſphere; if DE 
ſhould be ſhorter, the Huid would be carried 
contrary; but if D be higher than I, the Fluid 
= be forced upwards as far as I, but not far- 
er. , 


Take 
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=— Takca Tube of this Shape, 
open at AB C, and having im- 
merſed the Ends B and C into 
two different ſmall Veſſels full 
of Water, put the whole into 
a Cylindrick Jar of Glaſs, then 
pouring in Oil of; Turpentine 
up to D, above the bent Part 
bpb he Tube, and the Water 
will run out of the Veſſel A into the Veſſel B, 
which ſhews that a competent Preſſure of a ligh- 
ter Fluid will make Water come over by a Syphon, 
even tho' the Air comes in at G; and this ſhews 
plainly that the Fuga Vacui has nothing to do in 
this Experiment and others of the like Nature. 


EXPERIMENT. 
Plate 6. Fig. 4.] Take a Recciver-Tube with 
the one End longer than the other, and pour 


Mater in till it riſes in both to the Height A; after- 


wards put your Finger on the Orsfice A, and pour 
in Water at B, till it riſe to the top; then put 
your Finger upon B, and leave the Orifice open, 
and the Water will not run out at A; but if you 
take off your Finger, the Liquor will run out at A 


ul 
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till it has ſubſided in the Leg B down to the Le- 
vel of the Orifice at A. IE? 

v will riſe the ſame Way, but not to the ſame 
Height, fince it will riſe no higher than in the 
common Baroſcope ; that is, fourteen times leſs 
than Water, it being fourtecn times heavier.  ?% 
riſes but to Thirty Inches, Water to about Thirty- 
three Foot. Ft LANCE 

If the Romans had known that the Preſſure of 
Air could raiſe Water to ſuch an Height, they 
needed not to have been at the Trouble of Cutting 
'thro' Mountains to make their Aquaducts level. 


e obe 
The ancient Philoſophers ridiculouſly explained 


this by the Abhorrence of a Vacuum, in the place 
of which now deſervedly ſucceeds the Equilibri- 
um of the Air. Calileus firſt thought of it, and 
Torricellius maintained and proved it. > 


Plate 4. Fig. 12. The ſame thing holds good 
of the Pump, which is made of a long Piece of 
Timber cut Cylindrically within, and is immerſed 


Q in 
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Valve E) as far as the Bottom of the Bucket e 
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in the Well, the upper Part of which ſtanding a- 
bove the Super ficies of the Water; which Water is 
not to be ſuppoſed free from the Preſſure of the 
Air, but expoſed to it (for other wiſe the Water 
will not be thruſt upwards) and at ſome Part of the 


Hollow of the Pump. there is fixed a Piece of 


Wood acroſs, in the Middle of which there is the 
Hole D, thro' which this Water aſcends ; and o- 
ver this Hole there is a Valve or Clackas E, fo pla- 
ced acroſs, as to open or ſhut according to its be- 
ing prefſed from above or below; alſo: a Bucket 
as FG, let down from above by the Rod or 
Handle ( ſo fitted to the Sides of the hollow G- 
linder, as that the Air can have no Paſſage be- 
tween) which alſo hath a Hole in the Middle of 
its Bottom, and a Valve G fitted to it, as hath D 
E. Things being thus ordered, while by moving 
the Handle the Bucket is drawn up (the Air bein 
upon it, and by that means there will be. a lets 
reſſure of Air upon the Water below the Buc- 
t) the Water in the Mell being preſſed by the 
ambient Air will be forced s into: the Hollow 
of rhe Pump throu h the Hole D (opening the 


vided it be not higher than I, the top 


LEqui- 


$22 0. 
LEquiltbrium ) as being free from any Preſſure 
from above, and thruſt up from below; bur on 
the contrary, by turning the Handle the other 
way, the Bucket is pteſſed down, and preſles the 
Water immediately under it, which aſcends thro' 
GD; by this Depreſſion E is ſhur and G opened, 
thro' which the Water having got above the Bur- 
ker, is drawn up with the Bucket; when it is 
drawn back (the 2 G being ſhut) and finding 
| Paſſage flows out at H, then Water riſing again at 
D, fucceeds as before in the place of the Bucket 
that is drawn up, and ſo continually. 


Pep. XVII 


Concerning the Elaſticity of the Air, and ſome 
Effects depending upon it. . 

The E fe Force of the Air is that by which 
a comptefſed Quantity of Air endeavours to ex- 
pand it {elf into a greater Space; and ſince the 
Air at the . of the Earth is much preſ- 
ſed by a great Weight of the incumbent Air, it 
muſt needs be that it will endeavour to recede 
from that Preſſure every way, and ruſh into what- 
ſoever Space it finds free from Preſſure, where by 

22 | Ats 
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its Elaſtick Force it will expand it ſelf equally, 
and uniformly poſſeſs all the given Parts of this 
Space. 


EXPERIME NJ. 


Let a Bubble filled with Air of the ſame Tenor 
with the outward Air, be Hermetrically Sealed, 
then heat it at the Flame of a Lamp, and the 
Air being expanded by Heat will burſt the 
Bubble. EEE Ee EE onity 

If any Elaſtick Body be compreſſed by a ſu- 
perincumbent Weight, it will endeavour to ex- 
pand it ſelf equally on all Sides by its Elaſtick 
Force; and ſo equally puſh the Weight upwards, 
and the Table by which it is ſuſtained down- 
wards. Td HS, 

Plate 6. Fig. 16.) But if inſtead of the Weight 
be put any thing that may reſiſt the retributive 
Force of the Body, then the Elaſtick Body will 
endeayour to expand it ſelf after the ſame manner 
which it did at firſt, and ſo will puſh the Table by 
which it is ſuſtained with the ſame Force alſo as 
at firſt; as alſo the thing which reſiſts it, tho” in 
vain. See the Worm-Spring in the Figure. _ 
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By how much the more an Elaſtick Body is ex- 
panded that reſiſteth an Compreſſion, by ſo 
much the leſs will its reftive Force be, and ſo 
on the contrary ; and therefore that Foree is al- 
ways equivalent to the Power that comprefles it. 
Therefore the Denſity of the Air is always as the 
Force preſſing it; ſo that ſince the Air within is 
retained in its Denſity by the Weight of the ſu- 
perincumbent Air, if a double Weight be apply- 
ed, it will become twice as thick, and be com- 
preſſed in half the Space: If it be compreſſed 
wich thrice the Force, it will be forced into three 
times leſs Space; ſo likewiſe if half of the incum- 
bent Air be taken away, the compreſſed Air will 
expand it ſelf into twice the Space it had whilſt 


comprefied; Ge - ie 
71. Hence ſince Air contained within the Walls of 
an Houſe, is of the ſame Denſity with the exter- 
nal Air with which it communicates, it will en- 
deavour to relax it ſelf equally with the external 
Air, and will preſs the Superfictes of Fluids with 
the ſame Force as if thoſe Fluids were immediate- 
ly expoſed to the whole incumbent Air; and 
= Sake e Air within a Houſe will keep $ at the 
ſame Height in the Torricellian Tube, as if it was 

X- 
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expoſed to the Weight of the whole incumbent 
Air. Nay, ſome Part of the Air of the ſame 
Denſity with che external Air ſhur up in a Veſſel 
with ſtagnant 2, will by its Elaſtick Force keep 


the ꝶ in che Tube at the ſame Height as before. 
EXPERIMENT. . 
Plate 2. Fig. 19.] Take a Drinking-Glaſs as 
A, and immerge it in Water, ſo chat the Air may 
Not get out of it; if you fink it all under Wa- 
ter the Cavity will not be filled, the Air within 
hindering the Aſcent of the Water; which may 
be ſnewn by putting Paper into the Bottom of the 
Glaſs, which will not be wet; but if you ſet the 
Paper on Fire, the Air by Heat being ſomewhat 
expelled, the Water will riſe a good way in the 
_ Glas. Upon this Principle Bug Bell are 
made, by which divers deſcend to the Bottom of 
the Sea and Breath freely under Water; yet the 
farther the Bell is ſunk the more the Air will be 
compreſſed. When it is about Thirty- three Foot 
under Water, the Air will be compreſſed to half 
the Space which it was before; this ſometimes 
breaks their Blood-Veſſels and makes them Bleed 
at Mouth Noſe and Eyes. e i 
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Take a Mortar and bind a Piece of Leather on 
the Mouth of it, then take a Cupping- Glaſs, and 
having rarified the Air by Hcat, — 
on the Leather, to which it will adhere very 
ſtrongly, and the Leather will ſwell within the 
Glaſs, becauſe the Air in the Mortar has more 
Force than that which is rarified within the Glass, 
and therefore preſſes the Leather outwards. The 
Glaſs ſticks to the Leather, becauſe the external Air 
preſſes it down. Upon this Principle Cupping al- 
ſo is explained; the internal Air in the Blood rari- 
fes, when the Preſſure of the external Air is taken 
away and diſtends the Skin, and makes it ſwell in 
the Glaſs. This is a Proof that there is a great 
deal of Air in the Blood. . 


* Prop. XVIII. 


Jo fhew that the Aſcent of Fluids in Tubes after 
Suction, ariſes from the Preſſure of the eAir. 

(Plate 4. F 208 LE 4.440 ul bits 
When a Man by the Muſcles of his Breaſt en- 
larges the Cavity of the Too then the external 
Air finding room wherein to expand it ſelf, ruſhes 
in at his Mouth, imo his Lungs; ſo that if one 


Orifice 


diately fix it 


[ 120 ] 
Orifice of a Cube be in his Mouth, and the other 
immerſed in Water, then that Part of the Super fici- 
es of the Water, which is under the Tube, is free 
from Preſſure ; and ſince the other Parts of the Su- 
2 of the Water are preſt by the ſuper- incum- 
ent Weight of the external Air, it muſt needs be 
(by Prop. 5th) that the Water will aſcend up the 
Tube, to wit, chat the Parts under the Tube may 
be equally preſſed by the incumbent Water, as 
much as the reſt of the Syuperficies of the Water is 
preſſed by the incumbent Air; ſo that the Preſſure 
of the external Air upon the Super ficies of the reſt 
of the Water, is the Cauſe that the Water aſcends 
. e 


EXFERJMENT. 

Plate G. Fig. 15.) Take a Glaſs with a nar- 
row Neck but without a Bottom as C, put a Tube 
in its Neck B, and cement them; then tye a Lamb's 
Bladder A to the End of the Tube within the Glaſs, 
and a large Ox Bladder D over the open End of 
the Glaſs, ſo that the Bladder may be forced in- 
wards and drawn outwards; when the Ox Bladder 
is forced upwards, you will obſerve all the Air 
within the Lamb's Bladder wherein the Taube " boy 

Wy erte 
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ſerted will be expelled. If you draw the Ox 
Bladder outwards, the Air will ruſh again into 
the Lamb's Bladder ; after this manner Reſpiration 
is performed. The Air in the Cavity of the 
Thorax acts on the Lungs juſt as the Air in 
the Ox Bladder does on that of the Lamb's. 
If the open End of the Tube be immerſed in Ma. 
ter and the Ox Bladder drawn back, the Water 
will aſcend the Tube and fill the Lamb's Bladder. 
Vide Prop. 19. 46 „ 


Plate 6. Fig. 11.) The Aſcent of Water in a 
Syringe, ariſes from the Preſſure of the external 
Air. Viz. When the Tube of the Syringe is im- 
merſed in a Veſſel of Water at q, the Piſton being 
brought to RS is left void of Air, ſo that the 
Gravity of the external Air preſſing upon the Su- 
perficies o p, will make the Water aſcend in the 
Tube as high as R S, wiz. that the Part of the Su- 
perficies of the ſtagnant Water at q may be 
preſſed by the incumbent Mater in he Syringe 
with the ſame Force as the Superficies o p is preſſed 

by the incumbent Air. * 


Lie 
eee 
Deſcription of the AIX PV 

which Mr. Boyle made ufe f. 
96 I Shall not give a Deſcription of this 


0 Pump as it was when Mr. Boyle made 
| uſc of it ; becauſe it may be found in 


— the firſt Part of Dr. Harrs's Lexicon 
Technicum, under the Word 4 1 R-P VU M P. 
Plate 5. Fig. 1ſt. Repreſents the Pump with all 
„ I : „ AIR E « & 

DD is the Handle, which turning with the Nur 
B B, raiſes or depreſſes a Rack A A taftned to the 
Embolus which raiſes and falls in the Cylinder, 
that is in the Body of the Pump, and cannot be 
ſeen in this Figure, but is e Ker, by the third 
Figure as it is when taken out of the Frame. 

C is a Plate of Iron ſcrewed down with four 
Screws upon the upper Part of the Pump, with 
a Notch filed in it for the back Part of the Rack 
to ſlide up and down in. Ir is alſo repreſented in 
Fig. 2d. 5 | 0 


[ 123 ] 
GF I is the Receiver open at both Ends. 
GG is a ſmooth Braſs Plate laid on the Recei- 
ver with a wet Leather to keep out the external 
H is a Braſs Collar with Cork and Oiled Lea- 
thers, to let the Wire be drawn up and down 
without admitting the Air. . 
M N M is the Braſs Plate of the eAHir-DPump, 
on which the Receiver ſtands, with a wet Leather 


oy, 


between the Plate and Receivern. 
IL is a Board an Inch and an half thick, ſup- 
ported by the Iron Prop P which is raiſed at right 
Angles with the Side of the Pump 4 b to ſupport 
the Plate and Receiver when the Pump is made uſe 
of, otherwiſe it hangs down. by means of the 
Hinges à and b. ag | 
U is a Braſs Pipe which lies in a Groove made 
in the Board, having a Communication with the 
Cylinder towards I, and with the Plate-Receiver 
and Mercurial Gage at C. . 
R is a Cock to let the Air into the exhauſted 
Receiver at pleaſure, which will run in from U 
to N, and ſo up the little upright Pipe into the 
Receiver. IE | 
-.Mi 7.9717 Ab | | Oo 


[14] | 
Os a Glaſs Veſſel with 2 in it, to receive the 
End of the Glaſs Tube or Cage NO, which has a2 
graduated Piece of Box to ſhew how high ? riſes, 

and conſequently how much the Receiver is ex- 
ss a Board which ſupports the Veſſel O; ik k 
are two Iron Screws to ſcrew the Pump to the 
Floor. of a Room when the Experiment requires 
the Engine to be very ſteddy. They are alto re- 
_ preſented in Fig. 8. 0 1221 

E is a Cock to let out the Water, which muſt be 
kept at AB above the Cylinder when you uſe the 
Pump. WELL | | 
Hg. 3. Repreſents a Braſs Cylinder Cleft at the 
Bottom, for the Piſton repreſented by Fig. 4. to 
move up and down in. This Cylinder is {ſcrewed 
down to the Stool of the Pump, being let 
down into the Box under AB; and there is a Ce- 
ment made of Pitch and Brick-Duſt poured hot in- 
to the Box about the outſide of the Cylinder, 
which growing hard when cold, keeps it fixed. 

T. is a Hole to receive the Screw of the Pipe X 
Ng. 4. Repreſents the Rack A and Embolns B B, 
which makes up the Piſton of the Pump. 
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g is a Braſs Plate fixed to the Rack about a 


quarter of an Inch leſs in Diameter than the inner 


Diameter of the Cylinder. 1 
ee f f repreſent three or four round Pieces of 
Sheep's Leather oiled very ſoft, about half an Inch 
more in Diameter than the Bore of the Cylinder, 
which being put on immediately below ke Plate 
gg, will od round the ſaid Plate up towards A 
when the Piſton is let down into the Cylinder. 

c d is a ſtiff Piece of Shoe-Sole-Leather, whoſe 
Diameter is ſo nearly equal to that of the Cylin- 
der's Bore, that it muſt bur juſt ſlip down into the 
Cylinder without Frictioon“n Xx 

BB is a Braſs Plate ſcrewed on at the Bottom 
of the Rack to keep the whole Embolzs together. 
When this Psftor is let down into the Cylinder 
below the Hole T, Fig. 1. the Air between J and U 
eaſilyſ paſſes upwards by the Side of the Embolus, 
folding the left Leather up round the Plate gg, Fig. 
4 but when you draw it from the Bottom no Air 
can get down below the Embolus, becauſe the Space 
between the Sides of the Cylinder and the Plate 
cd, is not large enough to let the Air fold down- 
wards; ſo that the Preſſure of tlie Air and Water 


(which always lies on the Emlolus, the more = 
oft 


[- 
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| 
| 
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with its End s, or its End 7. 


under the Plate that is ſcrewed on at C. 


made uſe of in any Experi 


1 

ſoft Leather is preſſed to the Sides of the Cylin- 
der, and therefore the Paſſage downwards round 
the Embolus muſt be cloſe ſtopped and keep out 
the Air, even tho' the Bore of the Cylinder ſhould 


* 
- * 


not be truly round, as it happens in this, which! 


by long uſe was become a little Oval. 


Hg. 7. is a more exact Repreſentation of the 
Pipe U T of Fg I. . 
Y X is that Part which is to ſcrew into the Cy- 
linder, having a ſquare Place at 4 to receive xd 
Key of Fig. 5. which ſerves to turn all the Screws 


h lies 


Pipe whic 


* # 
* 


Hg. 7 cab is that Part of the 


4 is a Screw to receive a Gage at the Place mar- 


ked N in Hg. f. It muſt have a Valve of à wet 


Bladder at the End of che Screw: h, to which the 


Cock Riis to be ſcrewed, by applying the Key Q 


Fig. 5. to the ſquare Place near b. Hg. 1. 

Fig. 6. is the Braſs Plate a quarter of an Inch 

thick, which is truly flat, having a Braſs Rim round 

it to keep the Water from ſpilling when it is 
— 7 ts 
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P is a Hole in the Plate with a Screw to receive 

the little Pipe that ſtands upright under the Re- 
ceiver. * 211 3 

N is the Plate with the Bottom upwards, ſhew- 

ing the Screw that fills the Hole ⁊ of the Pipe of 

Hg. 7. at the Place marked N in Fig. 1 


The Receiver is Eæhauſted in the following manner. 


When by means of the Handle or Winch DD 
the Embolus is raiſed above the Level of the Pipe 
UT in Fig. I. (that is above the Hole T'of he 
Cylinder in Hg. 3.) there is a Vacuum in the Cylin- 
der under the Embolis and in the Pipe TL; Hg. I. 
ſo that the Value at T being no longer prelled, 
the Air in the Receiver eaſily liſts it up by its Ela- 
ſticity, expands it ſelf ſo as to fill the void Cylin- 
der. Then depreſſing the Ermbolus the Air comes 
up out of the Cylinder betwixt its Sides and the 
Embolus, and fo comes bubbling out thro' the 
Water at AB, and raiſing the 22 a ſecond 


time, the Air in the Receiver ( tho' pretty much 
rarified already) lifts up the Valve at T, and runs 
into the Cylinder with Eaſe, to fill the void Space 
under the Embolus, and then is expreſſed out as 

5 : | "OR 


Ls Jo 
before; and ſo on till the Receiver is quite exhau- 
ſed, which may be known by the rifing of 9 in 
the Gage; for when it is got up to the ſame 
Height as that at which it ſtands in the Barometer, 
the Receiver is exhauſted; becauſe the Preſſure of 
the Air being wholly taken off from that part of 
the Surface of 8 _ is directly under the Tube, 
the external Air will preſs upon the other Part of 
the Surface of the ſtagnant , and ſo raiſe the & in 
the Tube, till it makes an Equilibrium with the 
Weight of the Atmaſnher mme. 
VN. B. 7% the external Air can come into the 
Pipe LT, it cannot get into the exhauſted Recei- 
wer, hecauſe the Valzue is ſhut the cloſer towards N 
¶M the more the Air | preſſes. upon it, being made 


only to open towards Ei 
eee eee ee eee eee 
ExPERIMENTS of the Air-PuMye. 


I. T AY your Hand on the Mouth of a ſmall 
Receiver, and by the Pump draw out the 
Air, and your Hand will (well within the Receiver; 
after a few Suctions the Air will preſs upon your 
Hand ſo that you cannot raiſe it. 
| z. I'* 
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2. Tie a Bladder to the Mouth of a Receiver, 
and extract the Air; then the external Air will de- 
preſs the Bladder ſo much, that a Man's Strength 
will not be able to ſuſtain it. 3 

3. Invert a Receiver, and tie a Weight to the 
Neck of a Bladder over the Mouth of the Recei- 
ver, and hanging on the outſide of it; having 
drawn the Air out of the Receiver, the outward 
Air will preſs ſo on the Bladder, as to thruſt it up 
into the Receiver, and raiſe the Weight. EX: 

4. Take a Piece of Glaſs and pur it on the 
Mouth of a Receiver, having drawn out the Air, 
the Weight of the incumbent Air preſſing on the 
Glaſs will break it. By this Experiment we prove 
that the Air preſſes every way; for in what Poſition 
ſoever the Glaſs be, it will ſtill be broken by the in- 
anden Air: 

This is alſo proved by the ſtrong Coheſion of 
two flat Pieces of Glaſs or Marble, exactly poliſh- 

ed and ground * . As alſo by a Glaſs Reci- 
pient ſticking ſo cloſe to the Plate, after the Exſu- 
ction of the Air, that it requires à conſiderable 


Weight to pull it away. 


$4 "4m 
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5. In the Torcellian Experiment, if the Tube 
with the Mercury be put into a long Receiver, the 
'# will fall down at the Exſuction of the Air, - 
Ss. The ſame Experiment may be tried with M. 
ter in the Tube; but it is obſerved that the Mater 


n - 
F. If in the Tube there be left à {mall Air-Bub- 
ble, the Bubble will — rag it felf and fill the 
whole Capacity of the Tabe, even ſo much as to 
depreſs the Surface of the Water, under the Sur- 


. 
* 


face of the ſtagnant Mater.. 
8. A flavid Bladder, aſter the Preſſure of the ex- 

ternal Air is taken off, dilates it ſelf as far as it can. 

9. The Expanſion of the Air in a Bladder, will 

raiſe a Weight after the external Air is taken a- 
way. 15 ” FE 

_ A Bladder in which Weights are put to ſink 

it under Water, will riſe with its Weight after the 


Extraction of the external ir. 
11. A Piece of Cork, to which is tied juſt fo 
much Weight as to make it fink all under Mater, 
except the upper Surface of it, after the Air is ex- 
tracted, will riſe higher; but when you let in the 
Air again it will immediately ſink towards the Bot- 
tom. 


12. Fiſhes 


[ 2131 ] 

12. Fiſhes in the Water in the Recipient will 
riſe to the top of the Water when the Air is drawn 
—_ 

13. A Glaſs Bubble in which is left juſt ſo much 
Water as will fink it, ager the Extraction of the 
external Air will riſe. 5 
5 If you draw out the Air from a ſquare Glaſs 
Bottle, the Weight of the incumbent Air will 
break it to pieces. TREES, 

15. It you put ſuch a Bottle fo cloſely ſtopt, 
that none of the Air can get out of it into * 
Receiver; after you have drawn out the external 
Air, that which is in the Bottle will ſo dilate it (lf, 
as to break the Bottle. p 

16. If you put two Braſs Hemiſpheres together, 
ſhutting them one within the other, and only put- 
ting a Piece of wet Leather between them; if 
after this you pump out all the Air by the Help of 
a Valve at the Bottom of one of the Hemiſpheres, 
the Air cannot return into them; they will ſtick ſo, 
cloſely by reaſon of the external Air, that it will 
require a very great Force to pull them aſunder. 

17. If you put any Animal into the Receiver, 
and pump out the Air, the Animal will immedi- 


arcly die: 
8 $23 18. If 
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18. If you take a Glaſs Bottle half full of Ma- 
ter, having a Glaſs Tube cemented in the Neck of 
it, one End of which is below the Surface of the 


* 


Mater, and the other being above the top of the 


Bottle, has a Braſs Top with ſmall Holes in it; if 
you put this into the Receiver, and pump our the 
Air, the Air in the Bottle will dilate it ſelf ſo as to 
preſs on the Surface of the Water, and raiſe it up in 


tain. 12 75 

19. If you put a Bel] ſo raiſed on a wooden 
Frame, that it may have room to move into a 
Receiver, and pump the Air out; then if you 


ſhake the Pump, ſo as to move the Bell, you will 


hardly hear the Sound of it. 


This is a Proof that Sounds depend on the Air. 
20. If you put a Glaſs of warm Mater into the 
Receiver, and pump out the Air, the Water will 
perfectly ſeem to boil ; the Reaſon is this, vi. 

The Elaſtick Force of the Air which is in the Wa- 
ter being increaſed by Heat, and not being preſ- 
ſed by any external Air, it endeayours to dilate it 
ſelf, and by that means makes the Water bubble 
up; this is the way by which the Air may be al- 
moſt all. Extracted from the Water. 
. _ How 


> 


Spouts thro' the Holes of the Tube like a Foun- 


* 
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How to- Condenſe the A1R, ſo 
. that you may put what uantity you pleaſe 

into a Veſſel. vt „ ri d 


Plate g. Fig. 10. 


F you have a Braſs Veſ- 
inn! ſel half full of Water, 
1: ES yiha:Holc-on the top 
of it, into which you may ſcrew a little Braſs 
Pipe at A, with a Cock at B, by which you may 
let in the Air; it on this you ſcrew a Syringe 
which has at the bottom a Valve, by which the 
Air forced into the Pipe may be kept from re- 
turning again; and likewiſe a Curve Tube ſcrewed 
to it at C, or only a {mall Hole and a Valve at 
the ſame Place, if then you draw up the Sucker 
of the Syringe, the Air will come in 4 the Tube 
D into the Syringe at C, and the Valve will then 
hinder it from returning. If then you open the 
Cock at B, and thruſt down the Sucker, the Air 
will likewiſe deſcend into the Veflel, and by the 
Valve at the bottom of the Syringe be 3 

rom 


out in Figures accor 


1. 
from returning; by repeating this often, you may 
put what Quantity of Air you pleaſe into a Veſ- 
ſel. If then you take off the Syringe, and ſcrew 
on in the place of it a Pipe with Holes, when you 


* the Cork, the Air preſſing hard on the Water, 


force it up to 2 __ Height, and will ſpout 
ing to the Holes of the Pipe. 


SEE νœ 

Of BAROMUET ERS, TI HER Mo- 

METERS, and HyDROME- 
ERS. 2 | | i 1 


Ils evident by what has been already 
proved, that the © within the Tube 
gravitates as much on the Surface of 
=== thc ſtagnant Mercury, as the Air docs 
on the reſt of its Surface; and that a Column of 
Air reaching to the top of the Atmoſphere, is of 
the ſame Weight with a Column of Mercury of 
the fame Baſzs, and of an Height equal to the 
in the Tube. Now if the Air ſhould grow 
heavier, and preſs more on the Surface of the ſtag- 


nant 


r 
nant z, then the 2 in the Tube muſt riſe higher, 
that it may be equal in Weight to a Column of 
Air of the ſame Baſis, reaching to the top of the 
Atmoſphere. HFS, 


Hence it follows, that the Height of the g in 
the Tube may be fitly applied to meaſure the 
Gravity of the Air, and on that Account an In- 
ſtrument filled to that Purpoſe is called a B A. 
ROMETER. 

Sometimes ; riſes Thirty Inches, ſometimes it 
ſtands at Twenty-nine, ſometimes at Twenty-cight, 
ſometimes it will fink to Twenty-ſeven, 45 ſel- 
dom under, and of conſequence the Gravity of 


the Air mult alter proportionably. 


* E ot 


Since Gravity is always proportionable to whar 
the Matter weighs, it is impoſſible that the Air 
ſhould change its if, without changing its 
Quantity of Matter; and therefore ſome — 
thought this Difference of the Airs Gravity to 
proceed from its being more or leſs over- charged 
with Vapours; if this were the Caſe, there mult 
be as many Vapours in the Air at a time, as are 
equal to Three Inches of ) for ſo much we find 
the » riſes or falls. . 
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Now y is about Fourteen Times heavier than 
Water, ind-oonſecftaiely there-mult be in the Air at 
once, as many Vapours as will cqual in length a 
Column of Water of Forty-rwo Inches high, and 


whoſe Baſis is equal to the Surface of the Earth ; 
which is more than falls down in Rain during a 
whole Year; for a whole Year's Rain does not fill 
a Veſſel above Fourteen or Fifteen Inches high, 
as is obſerved in the Hiſtory of the Royal ach 
at Paris. 

The Reaſon then why the Air i is Keel at one 
time than another, ariſes trom their being more 
Air in that part of the Farth's Surface, where the 
Air grows heavier, and this proceeds from Winds. 
tf of G If the ind — which is nothing but a 
Stream oſ Air) ſhould blow over any Place, 5 
the Air thus — ſhould be kept in that Place 
by. Mountains or Hills; or if two contrary Winds 
ſhould blow on the ſac Place, the Air would be 
heaped up in the Middle, and conſcquently there 
being more Air, -its Gravity will be increaſed'; but 
if a Wind ſhould blow over a Country, che Air 
which is over that Place will be leſs in Quantity 
and conſcquently lighter. Hence it is plain, that 
Winds are * only Cauſe of the Nir's Gravity. 


When 
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When the Air is heavy, the Sun acting on the 
Surface of the Water raiſes the Vapours from it ; 
theſe being raiſed are ſpecifically lighter than Air, 
and conſequently they muſt riſe higher, till they 
come to an Air of the ſame Specifick Gravity 
with themſelves, where they will reft ; and a vaſt 
Collection of - theſe Vapours from Clouds, fo 
long as the Air continues heavy, the Vapours will 
be ſuſtained, and the Weather will be Fair. But 
if the Air turns —_ the Vapours which were 
in Agquilibrio with it before, will now preponde- 
rate, and conſequently deſcend ; in their Deſcent 
being continually. checked by the great Reſiſtance 
of Air with which they meet, they will be con- 
denſed ; this Condenſation will {till grow more 
and more, till at laſt they are formed into Drops 

of Ram. ©. ot 3: TOR. 
. Hence it follows, that when the 8 in the Tube 
is high, then the Weather will be Fair, and when 
: i fafis low, the . - then not being ſuffici- 
ently ſuſtained by the Air, muſt alſo fall, and the 
Weather- will be rainy, and the Rain more or leſs 
according as the Mercury riſes or, falls in iche 
Tube. 12 MTN 
FEW SO „% TT cone. nan 5:17 wed 


1 
Upon this Principle common VMeather-Claſſes 
are made; but to makethe Change of the Air's 
Gravity more viſible, ſeveral Inſtruments have 
been contrived. 1 
Plate 2. Fig. 21.) The Wheel-Barometer which 
conſiſts of a Recurve Tube ABCGE filled 
with , the Gravity of the Air preſſing on the 
Surface E, there ſwims a Leaden Ball tied to a 
String, at the other End of which there is allo ti- 
ed a Weight, and the String runs on a Pulley at 
C, to which there is an Hand or Index applicd, 
which moves along with the Pulley ; and a large 
Piece of Braſs BF GE divided into any Num- 
ber of equal Parts, marked 1, 2, 3, Cc. When 
the 9 falls at B it muſt riſe at E, and conſequently 
raiſe the Ball with it, whereupon the Weight at 
D will deſcend lower, and draw the String with it; 
and by this Motion, the Pulley being turned, the 
Hand will ſhew the leaſt Variation of the Air. 
This was invented by Dr. Hook ; but this Inſtru- 
ment has one Inconvenience which makes it al- 
moſt ufeleſs ; for in damp Weather the String to 
which the Weights are tied, is contracted ; and in 
dry it will grow longer ; by this Motion it will 
move the Hand, when in the mean time the 9 


has 


. 
has neither riſen nor fallen. A Watch String will 
do better with an Iron Ball inſtead of a Leaden 
one, which would be eaten up by the 2. 

Plate 6. Fig. 18.] 2. HUGE NS contri- 
ved another — after this manner. A B C 
DEF is a Recurve Tube, ſo made that the two 
Parts of it A B and DE have a much greater Ba- 

fs than the reſt, the Tube being filled with v, the 
Gravity of the Air preſſing on the Surface at G, will 
ſuſtain the to the Height AB, the Parts A B and 
DE being of an equal Height; if the 5 fall an 
Inch at A B, it will riſe as much at DE. Thro' 
the Orifice Mon the Surface DE is poured Oil 
of Tartar per Deliquium, or Spirits of Wine, or 
ſome other Liquor that will not Freeze, to the 
Height F. Now when the 7 riſes at DE but an 
Inch, it will raiſe the Liquor which is poured into 
the Tube KI an Inch; and the ſlender Tube M 
being of a much leſs Baſis than the Tube KI, it 
muſt riſe higher in M P. Thus if the Baſis D E be 
ten times greater than O P, for one Inch that the Li- 
quor riſes in the Tube K I, it vill riſe ten Inches 
in the ſlender Tube MP. If 2 falls one Inch in 
the Tube A B, the Liquor will riſe ten in MP. | 
8 £ This 
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r 
This Sort of Barometer has alſo an Inconveni- 
ence, which is, that as the Weather is Hot or 
Cold, ſo the Liquor in the Tube M will di- 
late or contract it ſelf, and conſequently riſc or 
fall; whereas the & continues l the ſame 
Height. P 
3. Since in a Tube keeps always the fame 1. 
Height, however the Tube be inclined; the beſt 
Contrivance for a Barometer ſeems to be this. 
ABC is a Tube (Plate G. Fig. 3.) bended as in 
the Figure; B C is about Twenty-ſix Inches long, 
and A B ſo inclined that it may be Fifteen, where- 
as the I A E would not be above Five, according 
to the Structure, for every Inch the g riſes in the 
ordinary Tube, it will riſe Three in the inclined 
one AB. Ly 
ASBAROMETE RS ſhew the diffe- 
rent Changes of Air, as to Gravity and Levity, 
whence we eſtimate Fair and Foul-weather ; ſo 
Thermometers are made uſe of to meaſure the va- 
rious Temperature of the Air, as to Heat and 
Cold; to diſcover which there are ſeveral Inftru- 
ments contrived.  _ 1 
Plate 6. Fig: 13.] 1. The Firſt is almoſt in the 
Form of a Barometer, only the upper End of * 
i = Tube 
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Tude ends in a large Glaſs Ball. This Ball is hea- 
ted by putting near the Fire, ſo that the Air in it 
will be rarified, and ſomewhat expelled by Heat ; 
then immediately the Neck of the Tube is to be 
immerſed in ſtagnant Water, which ſhould be tin- 
ged with ſome Colour that ir! may more: caſily be 
perceived. As Air in the Ball A begins to cool, 


it being more rare and leſs compreſſed than the 
external Air, the Water in the Veſſel will be im- 
pelled up into the Tube to B, by the Force of 
the external Air, and ſo compreſs the Air in A as 
much as the external Air is compreſſed. Now if 
the Air in A be afterwards again more heated, it 
will endeavour to expand it ſelf, and fill up a. 
greater Space, and fo preſs the Water down ; but 
when it grows cooler it will be contracted into a 
leſs Compaſs, and the Water will again aſcend; 
ſo that when the Water in the Tube deſcends, the 
Air is hotter, and when the Water aſcends, tho 
Air is cooler. e MHC B94 pnorae II.. 
| Plate 6. Fig. 1. 2. The ſecond Kind. of 
THE RN OSC OP E is by A Recurve 
Tube, thro' the Orifice of which at D, the ringed 
Water is poured, and fills up the Space B C., com- 
preſſing the Ain in the Globe A, in vhich, _ 
. 0 


N 
: 
—_— 
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the Air = more hot, it expands it ſelf and 
takes -: 8 greater room by preſſing the Water in 
the Tube upwards to D; and when the Air is 
cooled, it is again condenſed, and the Water falls 
down; ſo that the riſing of the Water denotes its 


Heat, and the falling the Coldneſs of the Air, 
contrary to what is done in the fitſt Sort. | 


. Plate6. Fig. 12.] 3. The third Sort is in this 
Faſhion. Thro' the narrow Neck of a Glaſs Bot- 
tle filled with Water, is put a long Tube open at 


both Ends, the lower End of which is immerſed 


below the Water ; after having fixed the Tube with 
Cement, ſo that there can be no Communication 


between the external Air and that in the Phial, Air 


is blown ſtrongly thro the Tube, by which the 
Air in the Phial is compreſſed ; and therefore it 


will preſs the Water up to D; and if the Air al- 


ways continues in the ſame Tenor as to Heat and 
Cold, the Water would always continue in the 
ſame Station; but when the Air in the Phial 
grows hotter,” it will endeavour to expand it ſelf, 


and preis more ſtrongly on the Surface of the Wa- 


ter, and raiſe it higher in the Tube. 1 
In theſe Sorts of Thermometers, and all others 
which have am Communication with the external 
12 | Air, 


1 


Air, the _— will not only be raiſed 'or depreſ- 


ſed by the Change of Air, as to Heat or Cold; 
but alſo to any Alteration as to Gravity or Levi- 
ty; and conſequently the Temperature of the Ait 
as to Heat and Cold may remain, when neverthe- 
leſs the Height of the Water may be conſiderably 


alrered. 4 e 
Plate 6. Hg. 5.] 4. This Sort of T HE R- 
MOSCO PE is not liable to the ſame Incon- 
convenience. It is a long Tube with a Glaſs Ball 
at the End of it, which being filled with high 
and rectified Spirits of Wine ha to D, the re- 
maining empty Part C is conſiderably heated, that 
the Air may be expelled; after this the4op of 
the Tube is to be immediately Sealed Hermeticul. 
ly, ſo that the Air may not re- emer the Tube; 
then the Narefaction and Condenſation of the 
Spirits of Vine, by which it riſes or falls in the 
Fabe according to the Degrees of Heat or Cold, 
ſhew the Temperature of the Air as to Heat and 
Cold. f | 
Plate 6. Fig. 14.] 5. Another Sort of Ther- 
woſcope is thus contrived. A and B are two Cy- 
lindricat Glaſs Veſſels joined to the Recurve Tube 
DG Fz the upper Fart of the Veſkl A is ” of 
ir, 


- 
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Ain, and the reſt is 97 with 2, as in the. Torr;- 
chan Experinent; and the d giſes half way in che 
Yaſh ſel B, „On che S Bree of. che 4; chete is put 


Ma Tube ſomce tinged. Liquor, or rather Oil of 
Tarte per Deliquium, which will not Freeze, 


which reaches up to. D, to/ the End of the Tube 
BK; a Glals Globe C full of Air is Sealed on 


1 Wr the 


cond 1 d j,xhs 
in A „and 
pel the L 


Times 
t FE 2 


5 kide ld in C. = 5 0 The * 
. make, che g. de | 
e ſmalleſt. Variations as. 15 at an 
Eid are thus ſhewn by the Aſcent and Deſcent, of 
the Liquor in the Tube B K. 

To mealure;the Moilluce * l of he Air, 
weuſe an Inſtrument called an H TD RO M E- 
T l of which there are two or three Sorts. 11 
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Plate 4. Fig. 11.) 1. The Firſt is made by a 
Force-Balance, in one of the Scales of which is 
put a Piece of Spunge, and in the other a Weight 
to Counterpoiſe it; the Spunge in damp Weather 
imbibes the Moiſture and grows heavier. In dry 
Weather the Moiſture being exhaled, the Spunge 
becomes lighter: And ſo by the Motions of the 
Examen we find the Alteration of the Air, in re- 
ſpect of irs Humidity. To make the Variations 
the more ſenſible, the Examen of the Balance is 
made very long, which paſſes on a circular Arch 
of Braſs divided into Degrees, marked 1, 2, 3, 
&'c. According as the End of the Examen is at 
any of theſe Degrees, ſo we judge of the Wea- 
ther. Crs 
Plate 6. Fig. Z.] 2. Another Sort is contrived 
after this manner. To a Rope or Cat's-Gut, a 
Cylindrical Weight is tied ; in damp Weather the 
Rope by twiſting. it ſelf will contract and pull up 
the Weight, and in fair Weather lets it ſink farther 


O 


down. To make the Variations more ſenſible, 
the Cylindrical Weight being about fifteen or ſix- 
teen Inches round, is divided into thirty or forty 
equal Parts, marked 1, 2, 3, Cc. To prevent its 
being injured a Glaſs is put over it, thro _ 
d. | U 1 


1460 


the String paſſes at A; this Glaſs is covered with 
Brown or Blew Paper, except one ſmall Hole, 
thro' which the Figure on the Side of the Weight 
may be ſcen. Now the twiſting or untwiſting of 
the Rope, according to the Variation of the 
Moiſtneſs of the Air, will always preſent a new 
Figure to the Hole. 

Plate 6. Fig. 17.] 3. A third Sort of HY. 
DROMETE R is made with the Beard of a 
wild Oat, or the Husk of a ſmall Vetch, which in 
dry Weather twiſts, and in wet Weather untwiſts. 
One End is faſtned to the Bottom of a Box, the 
other comes thro' an Hole in the Lid, and has an 
Index adapted to it, ſo that the Motion of the 
Hand or Index on the Top of the Box ſhews the 
Variation of the Moiſtneſs and Dryneſs of the 


Weather. 
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DEFINITIONS. 


ATS Light are thoſe which are 
| 7 ſed every way in ſtrait Lines thro 
ral the ſame Medium, and ſpread them 
| = ſelves conſtantly after the ſame Tenor, 
as long as they continue in the ſame Medium. 

2. A Radiant id that, from whoſe Points Rays 
diſperſe themſelves every way: _ 

3. Diverging Rays (Plate 7. Fig. 3.) are thoſe 
which meet in a Point oppoſite to the Direction of 
their Motion, or thoſe Rays which —_ themſelves 
_ that manner, as if they had all come from one 
Point, whether they really came from that Point or 
not. As the Rays B D going from B to D, are 
ſaid to diverge from the Point C, whether they actu- 
ally come from it or not; for tho they ſhould come 
from A, they are ſaid to diverge from C, becauſe 
if you produce them from B till they meet ina Point 
oppoſite to the Direction of their Motion, that Point 
will be COC. U 2 4. Con- 
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4. Converging Rays are thoſe which meet, or being 
produced, meet in a Point towards that Part whither 
the Direction of the Motion tends. - As the Rays 
DB 5 0 aid to Converge towards C, whether they 
meet in C, or after Refraction thro' the Glaſs EE, 
they go on Parallel to the Line A C D. 

5. The Focus is that Point where the Rays 
meet. 3 

6. Parallel Rays are thoſe which come from 4 
Point at a great Diſtance from us, and contain but 
a ver) (mall Angle one with another, as from the 
Sun. | 

. Rays are ſaid to Reflect, when they are turn- 
ed backward in the ſame Medinm. | 

A real Focus is the Place where the Rays actual- 
ly meet, as (in Fig. 5.) the Point B where the 
Rays D meet, after 0 have paſt the Glaſs C C, 
and the Point A, where theſe converging Rays 
wou'd meet, if there was no Glaſs at C 8 „s called 
the Imaginary Focus. | 

Fig. 8. Plate 7.] In a Concave Mirror, if e 
be an Object, E will be the Focus of the Rays, 
which having diverged from the Object, and fal- 
len upon the Concave Mirror, are by Reflection 
made to Converge at E. e 

8 te 
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Plate 7. Fig. 3.] 4 Concave Glaſs tranſmit- 
ting Light, has no real Focns of parallel Rays, le- 


cauſe after they have paſſed the Glaſs they diverge 


from one another, as the Rays A after they have 
paſſed the Glaſs E diverge towards D , but the 
Point C is called the Vertical Focus of the Concave 


14 | | Th 
The Angle of Incidence, is that which i con- 
tained under the incident Ray (Fig. 2. Plate 7.) 
and the I to the Plane of the Point of Incidence, as 
SEE. 
9. The Angle of Reflection is that which is con- 
tained under the reflected Ray, and. the ſaid l as 
the Angle DB C, ſometimes A B E, and DB F 
are called the Angles of Incidence and Reflection. 


THE OR EME. 


The Angle of Incidence is always equal to that 
of Reflection. This is confirmed by Experience, 
and has been ſeveral ways Demonſtrated by Ma- 
thematicians. 

10. Specula, or Mirrors, are thoſe which by re- 


fecting of the Light form Images of external Ra- 
diants. 1 
T H E- 


1 
THE OREM E. 
Plate 7. Fig. I. or 4. R 


AYS coming from a 
Point A, and falling 
on a plain Mirror BC, after Reflection diverge 
from the Point 4, which is in the L as far behind 
the Glaſs, as the Radiant is before it. For becauſe 
A is equal to 4 and B, and D Bis common to 
the Triangles A BD and 4 BD, and the Angles 
at B are equal, the Angles ADB and 4 DB will 
be equal, per 4th El. 1. But by the 15 of the 
ſame, the Angles DA Band G D Care equal; there- 
fore, if A D be the incident Ray, G D will be the 
reflected. After the fame manner it may be ſhewn 
that HE is the reflected Ray of the Incident A E and 
KFofAF; and therefore all the reflected Rays, if 
produced, will meet at 2. If the Eye was placed at 
H, it would receive the Rays which come from A, 
and are reflected at the Surface B C, as if they had 
really come from 4, and conſequently the Eye will 
be the ſame way affected as if it came at O, Hg. 4. 
and received the Rays coming from A; and 
therefore the Eye at H will ſee the Image of the 

Point A at 4. 
Fig. 6 
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Ne. 6. Plate 7.) Since the Image of every 


Point is as far behind the Glaſs as the Point is before 
the Glaſs, the Image mult be the ſame way inclined 
to the Glaſs as the Radiant is. So the Image of 
the Point A mult be at 4, and the Image of the 
Point E mult be at e. OTE 

Hence it follows, that if the Glaſs lies horizon- 
rally, Objects will have their Images inverted, and 
Men will appear with their Heads downwards, as. 
when we look in the Water. 

What has been ſhewn of the principal Radiants, 
is alſo true of their Images; for they may be conſi- 
dered as Objects which ſend Rays; and therefore 
if there be another Glaſs to receive theſe Rays, 
there will be another Image formed within that 
Glaſs, and fo that Image will till have another I- 
mage, Cc. From whence ariſes the Multiplicati-- 
on of Images by the help of two or three plain 
Looking-Cladſ | $ 

Plate 7. Fig. 7.] Suppoſe two Looking-Glaſ- 
ſes B CEF, let the Radiant be A, whoſe Image by 
the Glaſs B C.is 4; this Image being conſidered as 
a Radiant, will ſend Rays to the Glaſs E F at 4, 
and this Image will likewiſe have its Image in the 
Glaſs B C at &, and ſo you may multiply Images 


AS 


r ⁰ 
* 
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as far as you pleaſe, If GDHEKF (Hg. 4.) be 

incident Rays, their reflected Rays will be DA, E 
A, FA, i. e. if Rays be converging to the Point 4, 
there to form an Image; and there be interpoſed a 
plain Speculum B, they will reflect to the Point 


A and Form an Image there. Experience anſwers 


to this exactly. | | 
Fig. 9.) Take common Reading or Burning 


Glaſs E, and put the Radiant at A. Let the Place 


of the Image to be formed be a, put a Looking- 
Glaſs at BC, anda Man's Eye at O will ſee the 
Image at 4 in the Air between him and the Glaſs; 


for by the 3 the Rays coming from 


a Point in the Radiant A are made to Converge to 
4 correſpondent Point in the Image ; but by the 


Looking-Glaſs they are intercepted and reflected, 


therefore they will be turned another way, and 


thoſe that went from one Point at A will meet 
with another correſpondent to it at a, where they 
will form an Image. 

In Concave Spherical Mirrors the Image of any 
Point is always in a Line paſſing thro' that Point 


and tlie Center. 


Plate 7. Ng. 10.) Thus the Image of the Point 
E will be at e, the Image of F at f, and the Image 
of G at g. | Hence 


CH Cr * 
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Hence it follows, that if the Image be in the 
Ait before, it will appear inverted. The Reaſon 
why the Image is formed, is, becauſe all the Rays 
which come from the Point E, and falling near the 
Vertex of the Mirror, reflect ſo, that they will 


meet at e, whence they diverge, forming at r the 


Image of the Point E. After the ſame manner 
thoſe which come from F after Reflection meet a- 
gain at f, and there form the Image of F. 


Ik che Radiant approaches the Glaſs, the Image 


will recede from the Glaſs, and at the Center Of 
the Sphere they will both meet. 
Af the Radiant approaches ſtill nearer, the I- 


mage will go out beyond the Center; and when 


the Radiant comes to be at the diſtance of à quar- 
ter of the Diameter from the Vertex, the Image 


U 2 2 , 0 6. 5 2 8 
will be out at an infinite diſtance. © When the Ra- 


mage of an I Ragiant. is always behind the 
Glass. 2 . MA ad - 
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pears under the ſame Angle from the Vertex of 
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the Speculum that the Radiant docs, and conſe- 
quently they will have the ſame Proportion one 
to another as their Diſtances from the Vertex have; 
and therefore if the Radiant be farther off than 
the Diſtance from the Glaſs, it will be bigger. chan 
the Image, if at the ſame Diſtance at the Center 
they arc equal; if che Image is farther off than 
the Radiant from the Glaſs, it will appear bigger 
than the Radiant. Sec the Figure where Emay be 
the Radiant, and e the Image; or e the. Radiant 


o 


and E the Image. | 
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BA HEN a Ag of Light comes out of one 
WW IG Medium into another, It changeth "= Di- 
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is what we call Refractfion. 
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is comprehenged under che retracted Ray, and a 
1 drawn to the Surface of the retracting Medium, 
at the Point where, the incident Ray falls on the 
ſame Medium as the Angle H D K. If che Ray of 
Light gocs into a thicker Medium, it comes nearer | 

to al. ; if into a.chinner, chen it xecedes from the J. 
Fig II.] Thore are ſeveral ways to, hew this | 
by Experience. V. C. Take a Baſon, into which 
put a Piece of Money at A, and chen recede ſo 
far back, that the Sides of the Baſon may inter. 
cept the Sight, ſo chat the Light cannot come in 
a ſtrait Line from A to the Eye at D; if Water be 
afterwards poured in, the Money will be {con ; for 
the Ray AB. when it comes to che Surface of Fo 
HC ir 


[156]. 
Air at B, changeth its Direction, and goes off in 
NB, and ſo enters ĩð - 
Hg. 12. Plate 7.] Suppoſe the Medium EC 

to be Air, HK Glaſs or Water, and. AB the Sur- 

face of the Medium HK. Let E D be a Ray of 

Light, entering the Medium at D, as the Angle E 

DC is the Angle of Incidence, ſo is HD K the 

refracted Angle, and the Sides of theſe Angles 

have always a certain determinate Proportion to 
one another; and if you take {mall Angles, they 
themſelves are always in this Proportion. If EC 

be Air, and HK Glaſs, the Angle E DC is to H 

D K, as 3 to 2. If EC be Air and HK Water, 

the Proportion between the Angles ED C and H 

DK is as 4 to 3. P 

Ng. 13z.] Io ſhew Refraction more plainly; 

rake a common Burning-Olaſs, and cover it with: 

Paper, in which let there be two Holes, - thro' which 

the Light is to paſs at B and C, then put a Candle 

at A; the Light pu ed thro' without bending 
the Rays coming thro' the Holes B and C, ought 
to diverge farther and farther from one another; 

but we find that if the Eight be received on a 

Piece of Paper, the Rays converge one to another; 

when the Paper is at I, the Light falls ar. . 

| when 
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when its removed farther, the Rays fall at D E nearer 
one another, and when the Paper is removed to E, 
there the two Lights coincide and then diverge a- 
„ | 79 85 
Plate 8. Fig. 4.] Suppoſe G H Water, I AE 
Air, the Rays coming out of Water into Air are 
refracted, ſo that thoſe which came from the Point 
E, ſeem after Refraction as if they had come from 
C, and enter the Eye at I A, as if they had all 
come from that Point. So that GE is a quarter 
of BE. | > 
Hg. 3: Plate 8.] Hence when we look. on an 
Object in Water, it appears. a quarter nearer the 
Surface than it is; and on the fame. Account an 
Oar in the Water will appear bent, for the Point 
A will appear higher, vzz. at B, and the Point C 
at D; ſo that the Oar in the Water inſtead of be- 
ing ſeen in the Poſition F CA, vill be ſeen in that. 
of F DB. y | | 2 
Plate 10. Fig. 6.) If the. Object A be feen 
thro' the Priſm G H, by the Eye at D, it will ap- 
pear as if it was at C; for the Rays falling from 
A obliquely upon the Surface of the Priſm at H, 
are refracted towards the LE ( becauſe they go 
from Air into Glaſs), and would go on till n 
| | the 
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the Direction H G if they continued to move in 
Glaſs, but 2 out of Glaſs into Air, they 


are retracted from the I to F, and going on in the 
Line D G, enter the Eye as if they came directly 
—A :: ogg - | \ 229 a4 -» 
If the fame Object be ſeen thro' a Medium 
which terminated by many plain different Surfaces, 
it will appear to be multiplied into as many as 
there are Surfaces, for thro every Surface the Ob- 
ject is ſeen in a different Place; and conſequently 
as many Surfaces as there are, ſo many diſtinct Ob. 
jects will appear. The Rays which come from 
the Objects thro' theſe diſferent Surfaces: of the 
Glaſs forming the Images therein on different 
Parts of the Retina. olli Hi 18 
A Lens is a Glaſs which is terminated by two 
Spherical, or one Plain and one Spherical Surface. 
And ir is Convex on both Sides, or Convex on 
one Side, and Flat on the other. . 
Concave on both Sides, or Concave on one 
Side, and Flat on the other. | 
Or a Meniſcus, that is, Concave on one Side, 
and Convex on the other. 
Plate 10. Hg. 5.] When Rays diverge from a- 
ny Point of an Object, and ſpread themſelves c- 


very 
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very way, if then you expoſe a Convex- Lens to theſe 
Rays, they will form a Cone, whoſe Vertex is at 
the Point of Divergence, and Baſe at the Lens; as 
the Rays which diverge from A, and fall on the 
Glaſs CD; . when theſe Rays paſs thro! the Glaſs 
they are all refracted (except that which falls at E 
on the Middle of the Glaſs) and meeting again at 
the Point B, form another Cone whoſe Baſe is the 
Glaſs C D (on the other Side) and Vertex at B: 
This Cone together with the other Cone is called a 
Pencil of Rays, and A E Dis the Axis of the Pen- 
cil, or a Line drawn from the Point of Diver- 
gence on the Side of the Glaſs, to the Point of 
Divergence on the other. There are as many Pen- 
cils of Rays thro' a Glaſs as there are viſible Points 
in the Object, and tho the Axis of the oblique 
Pencils ſuffer ſome Refraction in paſſing obliquely 
thro' the Lens, yet they are not to be looked up- 
on as refracted, becauſe after they have paſſed the 
Glaſs, they go on in a Line H, Fig. 5. to the 
Line in which they moved before they entered it, 
and the thinner the Claſs is, the more inſenſible is 
that Refractiun. / 2267 122 
Plate 8. Ng. I.] 4a, Bb, Co, repreſent 
three Is encils of Rays paſling chro' a double Con- 


VEX= 
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_ wvex-Glaſs:. When the Object AB C by means of 
a double Corvex-Glaſs has its Image projected at 
at h ca; the eAngles which the Axis of theſe Pen- 
cils that come from the Extremities of the Object 
make with the Middle of the Glaſs, determine the 
| Magnitude of that Image; and the Place where the 
Pencils of Rays terminate on theſe xes, is called 
the Diſtin& Baſe, becauſe there only is the moſt 
Di ſtinct Image of the 1 J ci&hi3 
Plate 8. Be. 1.] By the former Experiment it 
was ſhewn, that the Light which comes from a 
certain Point in the Candle, placed at a due Di- 
ſtance from the Claſs or Lens, was made by Re- 
fraction to converge and meet at à Point; there- 
fore if there be an Object placed before the Glaſs 
at ABC, all the Rays which come from the Point 
A will after: Refraction be made to converge at 
the Point 4, and: all the Rays hich come from B 
will. after Refraction meet: at h, and all the Rays 
which come from C will be refracted to c; and if 
the Eye be at a, it will receive the Rays diverg- 
ing from the Points 2 he, the ſame way: as if it 
had received the Rays directly coming from the 
principal Radiants A BC; and therefore the J- 
mage will be formed at abc and inverted. 9 


"ry 

If a piece of Paper be placed at 4b c, the Rays 
vill thence be reflected by the Paper, and will 
Point on the Paper the Image of the Radiant. 


The Image and the Radiant have always the 


ſame Proportion the one to the other, that their 
Diſtances from the Lens have; and therefore if 


the Image be farther from the Lens than the Radi- 


ant is, it will be bigger than the Radiant is; if 
nearer it will be leſs. If che Radiant at A B C be 


brought nearer to the Lens, the Image will reccde 
farcher from it; and it may be brought to ſuch a 


determinate Diſtance, as to caſt the Image as far 
from the Glaſs. as may be required to magnihe it 
to any given Proportion. It the Glaſs be equal- 
ly Convex on both Sides, and the Radiant placed 
at a Semidiameter's diſtance from the Lens, the J. 
mage is caſt out at an infinite Diſtance; and if the 
Radiant be placed at an infinite Diſtance, the Image 
is at 2 Semidiameter's diſtance from the Lens. 

If the Fun be the Radiant which is at an infinite 
Diſtance, and the Glaſs be ſufficiently broad; in 
the Place of the Image there will be a Flame, 
uhich will burn very intenſely, becauſe all the Rays 
which come directly from the Sun, and fall on the 
broad Lens, are by Refraction brought into a ſmall 
Space to form the Image. Y | Plate 
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| Plate 8. Hg. G.] If at the Place of the Jun's 
| Imagt (which is ſometimes called the Focus of pa- 
Dr or ſometimes ſimply the Focus) there 
be placed a Lucid Body, as a Candle or Lamp, 
the Rays, after Refraction thro the Lens, will go 
out parallel, and not diverge from one another; 
and the Light not ſpreading, will continue in the 
ſame Intenſeneſs at all Diſtances, and conſequent- 
ly it will illuminate Objects at a diſtance. On 
this Principle Convex-Lanthorns are made. 
If the Radiant be nearer the Lens than the Fo- 
cus of parallel Rays, the Image will not be ſeen 
on the other Side of the Lens, but on the ſame 
Side that the Radiant is, only farther of, and not 
inverted, but erect. | | 
Hg. 5.] Suppoſe ABC a Radiant nearer to 
the — than the Focus of parallel Rays, all the 
Rays which come from the Point, A, will enter the 
Eye at E, as if they had come from the Point 4; 
and all the Rays which come from B and C will 
ſeem to have diverged at firſt from b and c; and 
ſo the Eye will fee the Object not at ABC, but 
at a be; and becauſe the Angle DE D is the ſame 
with a E c, the Object will be ſeen magnified, 4b 
c being greater than A500... g 
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If a Room be darkned, and only one Hole 
made in. the Window to let in the Rays which 
come from external Objects, and in the Hole 
there be placed a Convex Lens, this Lens will form 
the Images of all external Objects that are before 
it; and if at a diſtance there be put a Piece of 


white Paper, the Images will be received on it, 
and they will all appear inverted : The Reaſon of 


which follows plainly from the former Principles ; 
for all the Rays which come from any one Point 


of the Object, will by Refraction be made to 
meet at one Point on the Paper, and thence they 


will be reflected again; and the ſame thing is true 
of every other Point: So that the Image of every 
Point thus put together on the Paper will ſhew the 
Image of the radiant Object in the ſame Colour 
the Object is of, becauſe every Image is formed 
by the very ſame Rays, and of the very fame Af 
fection as to Colour, as they which come from 


the Objects are. The Objects being much farther 


from the Lens than the Images are, theſe muſt be 


much leſs, and the nearer the Object is to the 


Lens, the Image will be the farther from it, and 
appear the bigger. | 


Ef 8 If 


e . 
} 
- 
- 4, 00. — — - —— 2 — — — 
7 | b = —_—__ _ - _— -”- — - So Aa *. —— 22 = 
”—_— RRC. RI. RC RT—_— — — hea oc — — . = Wenn = 


— 


1649 

If the Object move, the Image will alſo ſeem 
to move; provided it do not move directly to- 

wards the Lens. By this Principle the Proſpect of 
Places may be taken. | x1 . 

Plate 7. Fig. 14. ] The Appearances of the 
Magick Lanthorn differ but little from thoſe of 
the dark Chamber. The Lanthorn has two Con- 
wvex-Glaſſes at A and BB, and a Lamp burning; at 
F there is a Slit made to hold a long Piece of 


Wood D C, in which are cut ſeveral round Holes 


to hold the Pictures which are of painted Claſs; 
and the Flame of the Candle or Lamp E being 
great, a confiderable Quantity of Light falls on 
the Pictures, and paſſing thro' the two Lens's, 
will form the Images of theſe Pictures on the op- 
poſite Wall: The Pictures being much nearer to 
the Lens than their Images on the Wall, the Images 
will be prodigiouſly larger than the Pictures, ac- 
cording as the Wall is diſtant. . If by pulling out 
the Tube in which the Lens B is fixed, you make 
the Diſtance from the Pictures greater, the Di- 

| ſtance of the Images will be leſs, and conſequent- 
ly the Images themſelves will be leſs in propor- 


tion. . 
Plate 


"I 93 
Plate 8. Hg. 13.] A Concave Lens forms the 
Image on the ſame Side that the Radiant is, but 
much. leſs and nearer ir. For if the Objeck B A 
be put before the Lens E F, it will be ſeen by the 
Eye at C, in the Poſition 4 b, and by conſequence 
leſs than the Object; for the Ray A E falling on 
the Lens at E, is refracted into g E, and comes 
nearer to the I, and the R4y Eg coming on the 
Convex Surface of the Air at g, will be fefracted 
into g c and recede from the |. : So that the Rays 
AB will enter the Eye at Cor c, as if it had come 
directly from a, and not from A. So that the Eye 
being at C, and receiving the Rays coming from 
A and B, vill be the ſame way affected as if they 
came from 4 and B. After the ſame manner the 
which come from B will enter the Eye at C, 
as If they had come from, ſo that the Eye will 
ſee the Object B A at B nearer to it, and alſo 
much leſs than it really is. | 2 
Plate 8. Fig. 8.) The ye is a Zens contrived 
by Go to project the Images of external Ob- 
jects on the Retina; and then it is that we fee di- 
ſtinctly, when thoſe Images are diſtinctly painted 
on the Retina. Immediately under the. firſt Coat 
of the Eye, which is called the Tunica Cornea, A 
B, 
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B, there's an Humour of the ſame Conſiſtence with 
Water, and is called the Aqueous Humour E F. 
In the Middle of this there ſwims another Mem- 
brane, called the Yve CD, which is opaque, 
and lets no Light paſs thro' it, but as pertorated 
at CD, and the ſmall Hole is called the Pupilla; 
ſo that all the Light which forms the Image muſt 

paſs thro that Hole. Next to the watery Hans 
Is a conſiſtent Globe, which is called the Chri- 
ſtalline Humour K, and behind this is placed the 
vitreous Humour HG, which is not conſiſtent as 
the Chriſtalline, but yet is firmer than the Aqueous. 
Behind the vitreous Humour lies the Retina, which 
ariſes from the Inſertion of the Optick Nerve at L, 
and it is ſuppoſed to conſiſt of an infinite Num- 
ber of (mall Nerves, ſtanding 1 by, on the Con- 
cave Surface of the Eye, on which the Images of 
external Objects are painted. The Figure of the 
Eye is Spherical, being the only Figure which can 
turn every way in the Hole it fills up. 

Now becauſe thoſe Rays only whicli come from 
any ſingle Point of an Object, and fall on the 
Middle of the Eye at M, are united at one Point 
on the Retina, thoſe which fall at A and B ob- 
liquely, not being exactly united with the reſt, at 

| „ 


. L 
that Point, therefore the Eye is furniſhed with the 


Uvea, an opaque Coat, which intercepts all thoſe 


Rays which fall obliquely on the Eye. 

The Pupilla or Hole in this Coat, has Power to 
dilate or contract it ſelf, to let more or leſs Light 
paſs thro it, and in the Day time it is but ſmall; 
tor too much Light from the Sun would hurt 
the Eye: In the Night time it grows wider, to let 
in all che Light it can to affect the Retina; and 
this is the Reaſon why at Twilight Things ap- 
pear bigger than they are, for the Pupilla being 
very wide, a great many Rays come on the Retina, 
which fall on the Corner very obliquely, and 
therefore will not all be united in one Point on 
the Retina, but take ſome Space on it, and ſo the 
Image of the whole will be much greater than it 
ought to be. Tis on the fame Account that a 


Candle, in the Night time, ſeen at a Diſtance, 
appears much greater than it ought to do, and the 


ſame is true of the fixed Stars, for they appear 


much leſs if we look at them thro a ſmall Hole 


in a Paper. 33 
To make all this plain, take two Tin Tubes 
made to go one within the other, ſo that you 
might them longer or ſhorter as you pleaſe 4 
7 
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if at one End of theſe Tubes was put a Lens, and 
at the other faſtened a piece of oiled: Paper, or a- 
ny thin Membrane of an Animal to repreſent the 
Retina, and the End where the Lens is put, be 
covered with a Lid, in which muſt be made a 
{mall Hole to hr 2 wan the Pupilla; then if you 


draw the Retina backwards or forwards, you will 
at a certain Diſtance ſee the Images of external 
Objects painted on it in their true Colours, as in 
the dark Chamber, or Magick Lanthorn. : -« 
Since then the Eye is a Lens which projects the 
Images of external Objects on the Retina, if the 
Eye ſhould keep always the ſame Figure, and the 
Retina the ſame Diſtance behind it, there would 


be but one certain and determinate Diſtance at 


which it would ſee Objects diſtinctly; VG. If 
the Retina were juſt at the Diſtance of the Focus of 
Parallel Rays from the Cornea, no Objects would 


have their Images diſtinctly projected on the Re- 


tina but thoſe which are at a good Diſtance from 
it, ſo long as the Hye kept that Figure; but if the 
Eye were of ſuch a Figure, as to caſt the [mages 
of near Objects on the Retina; if the Objects 


| were farther removed, the Images would not fall 


on the Retina, but between the Cornea and it. © It 
5 then 


| © |" Hy 
then the Eye kept one and the ſame Figure always, 
there would be no diſtin&t Viſion, but when O. 
ects are at one determinate Diſtance from the Eye, 
which would be very inconvenient for 1 i 
And therefore to remedy this, the Eye has the 
Power of changing its Figure, whereby the Cornea 
is ſometimes part of the Surface of a larger Sphere, 
ſometimes of a leſſer, and it is on this Account 
that the Eye is made to conſiſt of various and 
flexible Humours and Parts, the moſt moveable 
of all which is the watery Humour, lying imme- 
diately under the Cornea, next to which is the 
Chriſtalline of the firmeſt Conſiſtence; the Chri- 
ſtalline is cloſely embraced by the Ligamentum 
Ciliare, by which ir is ſuſpended, and the Fibres 
of the Ligament by their Contraction or Dilata- 
tion bring the Chriſtalline backwards or forwards. 
When the Chriſtalline is brought forwards, it for- 
wards the aqueous Humour, and makes the Eye 
more protuberant, or the Segment of a leſſer Sphere: 
On the contrary, when the Chriſtalline is brought 
back, the aqueous Humour returns alſo, and the 
Eye becoms more flat, or the Segment of a larger 
Sphere; fo that by the Motion of the Chriſtalline 
the Cornea is made more or leſs convex, the 
| Z. | orcateſt 
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ateſt Refraction being made on the Cornea. Tis = 
y this Mobility or Changeableneſs of the Eye 
that we are made to ſec Objects at different Diſtan- 
ces from us. | N 20; how, 

If the Objects are at a Diſtance, the ye that 
looks at them grows flatter, if they are near us, 
the Eye grows more conyex: Now if the Eye 
could apply it ſelf to ſec Objects at all Diſtan- 
ces from us, we could always ſœe every Object 
diſtinctly, and near Objects would be brought ſo 
near the Eye, that we could ſee them magnified 
in any Proportion we pleaſed. For we eſtimate the 
Magnitude of Objects {cen with one Eye by the 
Angle under which 100 appear: Thus the Object 


AB (Plate 8. Hg. 10.) appearing under the An- 
ces up the Space 4 b on the 
Retina, but the Object CD appearing only under 
the Angle CE D, its Image takes up only the 
Space cd on the Retina. . 
One and the fame Object at different Diſtances 
from the Retina, will appear under very diffe- 
rent Angles. Suppoſe A B (Fig. 11.) the Object, 
and the Eye at c, the Angle under which the Ob- 
ject appears, is the Angle A CB, if the ſame Ob- 
ject be removed to 4 b, the Angle under which it 
appcars 


pe TT ud 8 

appears is the Angle a Cb if it be brought to 4b, 
the Angle at the Eye is à Cb, fo chat the Angle 
will ſtill be greater the nearer the Object comes 
to the ye. „ 8 „ 
Ng. 14.] Suppoſe then a ſmall Object A B, 
which of the ordinary Diſtance at which the Eye 
lies, appears under the Angle A CB, which is fo 
very ſmall that the Eye can't perceive the Parts of 
the Object diſtinctly; if then the Eye were brought 
Ten ot a Hundred times neater V. G. to D, and 
if it could form it ſelf to fee diſtinctly at all Di- 
ſtances, it would appear to the Eye under the 
Angle ADB, Ten or 4 Hundred times bigger 
tha AC B, and conſequently the Object will ap- 
pear Ten or a Hundred times magnified : But 
then tho' the Eye conſiſting of flexible Parts, can 
change its Figure ſo as to lie at feveral Diſtan- 
ces, yet this Mutabiliry of Figute conſiſts within 
certain Limits, and there muſt be certain Diſt an- 
ces in which an Object muſt be put to be ſeen di- 
ſtinctly; ſo that if the Object be put nearer the 
Eye than this determinate Diſtance, it can never 
be ſcen diſtinctly, the Image not falling on the 
Retina, but its Place would either be behind the 
Retina, if rhe Rays could go ſo far before they 


„ were 
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were intercepted, or the Image will be vertical and 
before the Eye if the Object were nearer than the 
Focus of Parallel Rays, and conſequently it can't 
be painted on the Retina. 

If there were any ſolid Bodies ſwimming in the 
aqueous Humour, thoſe can never have the Ima- 
ges on the Retina, but their Images will be verti- 
cal and before the He. This is a Demonſtration 
that the Aſuſca Volitantes can never be produ- 
ced by Objects e in the aqueous Hu- 
mour, as Phyſicians generally imagined. | 

Plate 8. Fig. 17.] Since then the Object AB may 
be fo near the Eye at D, that it will be without 
the Limits of diſtinct Viſion; it's plain that it 
can't be ſeen magnified to the naked Eye in any 
given Proportion, which it would be, could the 
Eye ſee diſtinctly at all Diſtances; but if before 
the Eye D be put a Lens CE, which conſiſts of 
Segments of ſmall Spheres, and the Diſtance of 
the Objects from the Lens be leſs than the Focus 
of the Parallel Rays, the Lens will form the Image 
of the Object A B at 4 0; that is, all the Rays 
which come from the Points A and B will enter 
the Eye as if they had come from the Points 4b, 
and the Eye will ſee the Object at ab, at the Di- 

he ſtance 
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ſtance neceſlary for diſtinct Viſion, and it will ap- 
pear under the Angle ADB, or aDb, which is 
the very ſame that it would have been under to 
the naked Eye at D. If the Object were placed at 


the Focus of Parallel Rays, then all the Rays which 


come from the Point A after Refraction thro' the 
Lens, would go Parallel and enter the Eye as if 
they had come from an infinite Diſtance, ſo the 
Eye would ſee the Point A in the Line A a pro- 
duced in Infinitum. The ſame thing is true of 
the Point B, and the Object would be ſeen at an 
infinite Diſtance under the Angle a D B, which is 
the very ſame under which ir would be ſeen by 
the naked Eye, if it could fee it at D diſtinctly. 

Ng. 16. Plate 8.) Suppoſe an Object A B, which 
to the Eye at C the ordinary Diſtance for diſtinct 
Viſion appears, under the {mall Angle A CB, if 
then I would fee this Object an Hundred times 
' magnified, I take a ſmall Lens whoſe Focal Di- 
ſtance for Parallel Rays is an Hundred times leſs 
than AC or BC, and put the Lens at G. ſo that 
the Diſtance of the Lens from the Object may 
be a Hundred times leſs than the Diſtance of tlie 
Eye at C from the Object: If then I bring my 
Eye to D to the Lens, I ſhall ſee the Object my 
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the Lens under the Angle A DB, which is a Hun- 
dred times greater than A CB, and the _ will 


ſee the Object thus magnified diſtinctly, becauſe 
it ſees at a greater Diſtance from the Eye; for 
moſt Mens Eyes are framed to {ee Objects at a 
good Diſtance from the Eye diſtinctly. . 

Fig. 15. Plate 8.] If there were an Object AB 
anda Lens E, whoſe Focal Diſtance is F E, that 
Object would appear by the Lens under the An. 
gle AEB: If there were a Lens whoſe Focal Di- 
ſtance is DF, the Angle under which the Object 
will appear will be ADB, greater than AEB; if 

there were another Lens at C, whoſe Focal Di- 
ſtance is CF, the Angle under which the Object 
would appear thro' this Lens is A CB, which is 
ſtill greater than ADB. The leſs then the Focal 
"Diſtance of Parallel Rays of any Lens is, the more 
*ewill magnify the Object. And if the Lens be 
equally convex on both Surfaces, the Focal Di- 
ſtance for Parallel Rays is a Semndiameter's Di- 
ſtance from the Lens; the leſs then the Semi- 
diameter of the Sphere :is, of whoſe Segment the 
Lens is made, the more it will magnify the Object; 
and the whole Art of magnity ing Objects by — 
: Microſcopes, is to grind Glafles exactly of — 
71 0 
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of very ſmall Spheres, Lewenhoeck and Melon pre- 
tended to grind Glaſſes whoſe Focal Diſtance not 
much exceed the hundreth Part of an Inch. I have 
heard of ſome that are leſs, and if they were let fall 
on Paper, there would be need of another Mi- 
croſcope to find them wit ln. 

To know how much any of theſe ſingle Microſ— 
copes magnify ; take a {mall piece of Paper, ſuppoſe 
tis of an Inch Diameter, and paſte it on a Wall; 
then take a Microſcope and put any ſmall Object at 
the Focus of Parallel Rays from it; then recede ſo 
far from the Wall, till the Paper on it appears of, 
the fame, Bigneſs with the Object ſeen thro the 
Microſcope ; then conſider what Proportion the Di- 
ſtance of your Eye from the Paper on the Wall. 
bears to the Diſtance of the Object from the Mi 
croſcope, and in that Proportion the Object will be. 
magnified, or appear greater than it would do 
were it placed at the fame Diſtance from the Eye. 
with the Paper on the Wall. 

We may perform this more eaſily thus. Take az 
round piece of Paper of about two or three Inches 
Diameter, and dye it black with Ink, tlien paſte it 
on a Pane of Glaſs in the Window and recede ſo 
far from it, till looking thro' the Microſcope with: 
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one Eye on the Object, and with the other on the 
Paper, you-perceive them both of the ſame Big. 
ne(s, or the one exactly to cover the other, the 
Proportion. between the Paper and the - Objec# 
will be exactly as the Diſtance of the Object 
from the Microſcope to that of the Eye from the 
aper; and 3 when the Object appears 
of the ſame bignels with the Paper, it is magnified 
in that Proportion 
Tho' moſt Mens Eyes have ſuch a Flexibility and 
Changeableneſs of Figure, that they can't only ſee 
Objecls at a great Diſtance, it they appear under 
any ſenſible Angle, but alſo thoſe that are within 
two or three, or one Foot of their Eye, yet there 
are ſeveral whoſe Limits of Diſtancè for diſtinct 
Objects as to their Viſion, are much leſs. V. G. 
Some can't ſee Objects but when they are very near 
them, or cloſe to their Eye, which being very con- 
vex, or the Segment of a ſmall Sphere, will unite 
the Rays of Objects at a Diſtance before they come 
to the Retina. They who have this Fault in their 
Sight are called Myopes. RL 4% ig 42 

On tlie contrary, there are others whoſe Eyes are 
very flat. or Segments of large Spheres, who can't 
ſee unleſs the Objects be at a good Diſtance from 


them, 
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them, and the Rays which come from one Point 
to fall into the Eye are quam proxime Parallel — 
Becauſe old Men have generally their Eyes very 
flat, ſo that they can't ſee but at a Diſtance; there- 
fore thoſe who are troubled with this Fault, are 
called Prestytæ: Both their Faults of Viſion may 
be helpt by Lens's; for thoſe who are Short: ſighted, 
and can't ſec any Object but what is very near them, 
by looking thro' a Concaye Lens, will ſee di- 
ſtinctly Objects, which at the ſame Diſtance with- 
out the Lens, they could not ſee but very confu- 
ſedly. | oye es, | 
Plate 8. Fig. 9.] Suppoſe the Object ABC, 
and the Eye of a Mhopes at E, the Object being 
without the Limits of diſtinct Viſion, will be ſeen 
confuſedly by the Eye at E; but if you put in the 
Concave-Lens at G between the Object and the 
Eye all the Rays which come from it will enter the 
Eye as if they had come from a, which is much 
nearer to the Eye, and within the Limit of di- 
ſtinct Viſion; the ſame may be ſaid of B and C 
from this Experiment; therefore it's plain that by 
the help of ſuch a Lens, the Eye of a Mops 
will ſee diſtinctly the Object A B C tho much 
leſs than if it had ſcen it without the Lene. 

Aa Plate 
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Plate 8. 3 As a Concave-Lens makes 
Short- ſighted People ſee more diſtinctly; ſo alſo 
the Convcx Lens helps off the Sight of a Presbyta; 
for ſuppoſe AB an Object, and the Eye at C, 
this Object is ſo near the Eye that it can t be (een 
diſtinctiy by it. If therefore there be a Concave- 
Lens put at E, ſo that the Object may be within 
the Focus of Parallel Rays, the Eye will ſee the 
Object A B at 4 b, at a farther Diſtance, and with- 
in the Limits of diſtinct Viſion; and it will ſee 
the Object take up the Space 4 b which is greater 
than AB, and therefore it will ſec it magnified ; 
whereas an Object ſeen thro a Lens fit for a Mops 


does always appear leſs. "Patt; 
Double 1 are thoſe which conſiſt of 
2, 3, or 4 Lens s that are deſigned to magnifie the 

Plate 9. Ng. 1.] The firſt ſort is made after 
this manner. C is a Lens of a ſmall Sphere, be- 
fore which the Object A B is placed at ſuch a Di- 
ſtance, that the Image made by the Lens C may 
be caſt out at a great Diſtance on the other Side, 
i. at a b, ſo that if a h be 10 or 100 times far- 
ther from C than A B is, it will be 10 or 100 
times greater than A B. D E is another Lens 
i which 
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which is larger and put ſo near the Image 4b, 
that 46 will be either in its Foes of parallel Rays, 
or ſomewhat nearer ; ſo that the Image of the J. 
mage a b, made by the Lens D E, may be caſt 
out at a diſtance, fit for diſtin Viſion. Now 
if the Eye be applied at G, it will ſee the the Ob- 


ject under the Angle, equal to tlie Angle Ef D, 


and conſequently magnified, and at a diſtance fit 
fob diſtincx Miſion. „ D tet four Ia 51 

Plate 9. Fig. 2.) Moſt of the double Micro- 
ſcopes now in uſe have three Glaſſes, and are made 
thus. C is the Objed Glaſs, which is the Porti- 
on of a ſmall Sphere; A B is the Olject ſome- 
thing farther than the Focus of parallel Rays; ſo 
that the Image may be caſt out, and fill the Space 
a b 10 or 100 times greater than AB. DE is a- 
nother Lens or Segment of a larger Sphere placed 
at a little diſtance from 4 h; to this join the Glaſs 
GH, which is the Segment of a Sphere ſomewhat 
leſs than D E: So that the Diſtance between the 
Claſſes G H and D E, may be leſs than the Di- 
ſtance of the Focus of parallel Ryys of the Glaſs 


GH, and that the Rays which come from the /- 
mage à b, may pals the two en and after R- 
fraction enter the Eye at L. So that all thoſe 


Aa 2 Rays 
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Rays which come from the ſame Point of the J. 
mage 4 b, may enter the Eye as if they had come 
from an infinite Diſtance, i. e. the two Glaſſes G H 
and D E ought to be ſo placed, that the Rays 
which come from any one Point of the Object à b, 
may after Refraction thro' theſe two Glaſſes run 
parallel, and ſo form in the Eye a diſtinct Image; 
tor it is plain, that in this Caſe the Eye will ſee 
the Object much magnified and diſtinct. By this 
Microſcope the Eye can perceive a greater Portion 
of the Object than by the former; becauſe the 
Rays at b and à would fall fo obliquely on the 
Glaſs DE, that without the third Glaſs H G, they 
could not enter the Eye, and conſequently -with- 
out that Glaſs the Eye will ſee only the middle 
Part of the Object. I. 7: ns 

As Microſcopes are uſed to difcover the ſmall 
Parts of theſe Bodies we have near us, and put at 
a due Diſtance from the Miſcroſcope: So Tele- 
ſcopes are for diſcerning Bodies diſtinctly that are 
at great Diſtance ſrom us; ſo that the Rays which 
come from any one Point of the Object, and fall 
on the object —_ of the Teleſcope, may be con- 
ceived as Parallel, and conſequently they will u- 
nite and form the Image as the Focus of parallel 
Rays. | Plate 
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Plate 4. Fig. 15.] The firſt and moſt ſumple 
Sort of Teleſcope is the Aſtronomick, for lookin 
at the Stars, CD repreſents the object Glaſe 
which is a Portion of a very large Sphere; A E 
and BE, are two Rays which come from the Ex- 
tremities of an Object placed at a great Di- 


ſtance, as the Object AB is to be ſuppoſed. All 


the Rays which come from the ſame Point that A 
E came from, will after Refraction thro' the Lens 
meet at 4, and all the Rays which come from the 
{ame Point of rhe Object with the Rays B E, will 
after Refraction meet at the Point b; ſo that the 
Image of the Object will be placed at b a, at the 
Diſtance of the Focus of parallel Rays, as you may 
ſee by the pricked Lines. 
Suppoſe G F H a Lens of a much greater Con- 
vexity, or a Segment of a. much larger Sphere; pla- 
ced ſo near the Image a b, that ab. may be. in its 
Focus of parallel Rays, that is to ſay, all the Rays 
which come from the Points 4 and h, may, 
after Refraction run parallel and enter. the Eye. 
at L, as if they had come from a great. Diſtance ; 
theſe Leuss being thus adapted, and put in a Tabe, 
the Eye will ſee diſtant Objects diſtinctly, and 


magnified in the Proportion that the. focal Di- 
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france of the Glaſs CD, as greater than the focal 
Diſtance of G H. For firſt the ye will ſee the 
Object diſtinctly, becauſe the Rays which come 
from the Points 4 b, falling on the Bye at L, as 
if they had come from a great Diſtance, will be 
exactly united in the Retina, and therefore a di- 
ſtinct Image. 113 8 d 
2dly. The Object will be ſeen much greater 
than without the Teleſcope, for the Angle under 
vuvhich the Object is ſeen without the Teleſcope, is 
the Angle A L B,-and the Image under the Retina 
of the Eye is AB; but the Angle under which 
the Object is ſeen with the Tileſcop is the Angle 
L H and the Image made then on the Retina 
is K; and therefore as much as this latter Angle 
and Image are greater than the former, ſo much 
is the Object magnified by the Teleſcope. 
Again, let A and B be two Rays coming from 
the End of an Object at an infinite Diſtance, 
- whoſe Image is ab, the bigneſs of whiclP is deter- 
. - mined by the Angle 4 Eb, which theſe two Rays 
make in paſſing thro the object Claſs, without any 
Refraction, becauſe they are the eAxes of two 
Pencils of Rays: Let the focal Diſtance of the ob- 
ject Claſs be E K, and that of the Eye-Glaſs F K, 


and 
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and AE B be the Angle under which the Object 
is ſeen without the Teleſcope. Now becauſe the J. 
mage and the Object appear under the ſame An- 
gle from the Lens, the Angle A EB will be & 

qual to the Angle a Eb, and conſequently to the 
Angle under which the Object appears ſeen with- 
out the Teleſcope ; but the Eye at L ſees the T 
mage a b under an Angle equal to 4 F; and 
conſequently ſo much greater as the Angle 4 F 
b is than 4 Eb, ſo 2 will the Object 
appear when ſcen with the Teleſcope than when 
ſeen without it: But ſo much as E K is grea- 
ter than F K, ſo much is the Angle a FU 
greater than 4 E b, i. e. the Object is magnified in 
proportion to the focal Diſtance of the object 
Glaſs, keeping the ſame Eye-Glaſs ; and and con- 
_— the longer the focal Diſtance, i. e. the 
longer the Space is, of which the Lens is a Porti- 
on, the more the Object will be magnified ; and 
therefore the whole Perfection of theſe Sort of 
Teleſcopes, is to get object Glaſſcs well ground of 
a long focal Diſtance. There are {ome of theſe 
Teleſcopes of 150 or 200 Feet in Length, but ir is 
very difficult to manage and turn them as one 


pleaſes. It is plain, that the Image 4 b is _ 
| ted 


likewiſe conſi 


484) 


ted in reſpect of the principal Object, and conſe- 
quently whatever Objects we look at with theſe | 
Teleſcopes, will appear inverted. Dri nog 
Plate 9. F. 4] 2. Galilaus s-Teleſcope does 
f of two Glaſſes, whereof the object 

Glaſs is Convex, and a Segment of a lefler Sphere. 
They are fixed in a Tube after this manner. CD 
is the object Glaſs, whoſe Focus of parallel Rays 
is at 4b, i. e. the Images of diſtant Objects made 
by the Glaſs C Dare at 2 b, ſo that K is the Focus 


of parallel Rays to the Axis of the Glaſs; fo 


that if it were not for the interpoſition of the 
Eye-Glaſs G H, all the Rays parallel to the Axis 
would converge to the Point K; but then by 
the interpoſition of the Concave Hye-Claſs & H, 
which is placed at ſuch a Diſtance from the Image 
4 b, that the Point K is in its Focus of parallel 


Rays or vertical Focus, all the Rays which before 


they paſled thro the Glaſs G H were converging 


to the Point K, will after Refraction on the Glaſs 
G H, run parallel to the Axis: The ſame way 


all the Rays which before the Refraction on the 
Glass G H, were converging to the Points 4 b, 


will after Refraction run Parallel one to another. 
So that the Eye near F will receive all the Rays 


which 


* 


. 
which were going to 4 b, as if they had all come 
from 4 b placed at a great diſtance, and the Eye 
will ſee the Object under the Angle a.F which 
is equal to 4 F; where it is to be obſerved that 
the Image à b is inverted in reſpect of 4b, and 4 
b will be erected and ſeen the fame way that the 
principal _— B is ſeen. 

N. B. The vertical Focus of a Concave Claſs is 
that Point from which the Rays parallel to the 
Axis diverge, after Refraction thro the Glaſs; 
as the Point C (Plate 7. Fig. 3.) i the vertical 
Focus of 1 Rays of the Glaſs E E, becauſe 
the Rays B D, — 4 come from A, and before they 
entered the Glaſs were Parallel to the Axis A E, are 
by Refraction thro the ſaid C 11 s made to diverge 
from the Point C, as if they had come really from 
that Point. 4 5 
Plate 9. Fig. 5.] 3. Becauſe the firſt Sort of 
Teleſcopes ſhew all Objecks inverted, and the ſe- 
cond diſcovers but the ſmall Part of an Object at 
once; therefore a third Sort has been contrived, 
conſiſting of four Glaſſes, wiz,. one large Object 
Glaſs and three Hye-Claſſes, placed after this man- 
ner. CD is the Objed-Glaſs, whole Focus of 
parallel Rays is at 4 b: or which is the ſame 


I'd: thing 


1 

thing, let 4 h be the Image of ſome diſtant Objick, 
therefore it will be inverted in reſpect of the Object. 
E F is an Hye-Claſs, a Segment of a leſſer Sphere, 
placed ſo near the Image à b, that Rays which 
come from any one Point of it after Refraction 
thro' E F, may run parallel, and fall on a third 
Glaſs GH; thoſe parallel Rays falling on the 
Glaſs G H, will after Refraction converge to the 
Focus of parallel Rays, and form an Image a b in- 
vertcd in reſpect of ab, and conſequently erected 
in reſpect of the principal Radiant, I K is ano- 
ther Glaſs placed fo near the Image à b, that the 
Rays coming from any one Point of the Image 
4 b may enter the Eye at L, as they had come from 
a Point at a great Diftance ; that is, they will after 
Refraction at I K run parallel, and then the Eye 
at L will ſee the Image diſtinctly erected and 
magnified. . 

OBSERVE, that 4b is the common Focus of 
parallel Rays to the two Glaſſes CD and EF, and 
a b is the Focus of parallel Rays to the two Glaſ- 
ſes G H and IK. my 
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Lights which diſer in Colour, differ alſo in 
Degrees of Refrangibility. 


EXPERTMENT... 


F you apply any flat Side of a Priſm to 
N mT We the Hole of a dark Room to receive the 

512 1 Rays which come from the Sun, theſe 
[SC e Rays which are different in Colour, will 

be ſeparated by a different Refradtion, and diverge 
from one another, (as in Eg. I. Plate 10.) and ap- 
pears diſtinctly in an oblong Figure on the op- 
poſite Wall: They will be refracted in this Or- 
der, vir. The red Rays will be refracted leaſt, 
* Bb 2 the 
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the Orange ſomewhat more, the Yellow more 
than that, the Green yet more, the Blue more 
than the Green, and the Purple moſt of all. Now 
to ſhew that theſe Colours were not made by Re- 
fraction, but were originally in the Rays of the 
Fun; if you refract any one of them never ſo 
much wah a Priſm, as for Example, the Purple in 
the firſt Figure, it will retain the ſame Colour, 

If you contract theſe refracted Rays with a 
Burning-Glaſs, they will all converge to the Focus 
of parallel Rays, as in the ſecond Figure ; where 
if you receive them 'on Paper, they will appear 
White: And to ſhew farther, that White is a Com- 

oſition of all theſe Colours, if you intercept the 
blue Ray with a Piece of Paper, between the Fo- 
cus and the Glaſs, the White at the Focus will ap- 
pear Reddiſh ; if the Reddiſh be intercepted it 
will appear Blueiſh. So that if one of theſe Co. 
lours is wanting, the White is imperfece. 

Fig. 3. If you receive all the Rays on a Piece 
of Paper, as at L, Figure 3d. between the Focus 
of parallel Rays and the Glaſs, they will appear 
with their proper Colours in their gh t Order, and 
converging towards one another; but if they be 
received beyond the Focus, they will pps in 

| their 


» 
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their proper Colours on the Paper, and to have di- 
verged from one another, whence their Order will 
be inverted, vi. the purple Ray will be in the 
Place of the Red, and the Red of the Purple. 
To ſhew that the Rays which differ in Colour, 
tho' they have the ſame Incidence, are differently 
"efiatted, place a tall Piece of Wood with an 
Hole in it, Fg. 4- and a Priſm behind that Hole 
at a convenient Diſtance from the Window ; then 
with it refract the ſeveral Rays one after another 
from the Hole in the dark Room, to the Hole in 
the Picce of Wood, and cach of the Rays will be 
differently refracted on the oppoſite Wall. Viz. 
The Redd; will be leaſt retracted, and upper- 
moſt ; the Orange next, underneath ; the Tellow 
next, the Green next, the Blue next, and the Pur- 
ple loweſt of all. 9 
Ihoſe Objects whoſe Parts are fo diſpoſed, as 
to reflect any one of theſe Rays more than the 
reſt, and in: a great meaſure to abſorbe and ſtifle 
the others, appear to be of that Colour which they 
moſt reflect; whence a blue Ray when refracted on 
a blue Object, appears much ſtronger than when 
it is refracted on one of a different Colour, and ſo 
of the reſt. If you look thro' a Priſm on an Ob- 

| ect 
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ſeck of any one Particular, V. G. Green, you will 
{ee it in all the other Colours; but the Green be- 
ing the moſt powerful, the Object to the Sight of 
the naked Eye will appear altogether of that Co- 
lour. | e 
Since White has been proved to conſiſt of all 
Colours; it follows from hence, that thoſe Objects 
which appear Mhite to us, are ſuch as are diſpoſed 
very curiouſly to reflect all Colours, and the grea- 
ter or leſs this Diſpoſition is in the Superficics of 
the Object, it will appear accordingly of a 
quite White, or elſe of a ſomewhat ſhaded Dark- 
brown, or ſome other intermediate Colour; and 
thoſe Objects which are very little, or not at 
all diſpoſed to reflect theſe Rays, will appear 
— . _ 

It may be ſo contrived by darkening - a Room, 
and by chat means letting Beams of Light fall ve- 
ry forcibly upon a black Object that it ſhall then 
appear exactly White to the Eye. c 


If you expo 


. 


ſe two Pieces of Marble to the 
Sun, one White, the other Black, the Black will 
be hot, and retain the Hear longer; for as the 
White reflects, ſo the Black abſorbs tlie Rays of 


If 


(297 ] 

If an oblong Piece of Paper placed before a 
Window, be viewed at ſuch a Diſtance thro' a2 
Priſm, that the Light from the Window on the 
Paper may make an Angle, equal to that which 
is made by it, i. e. the Light reflected from the 
Paper to the Eye, Provided the Paper be ter- 
minated with Sides parallet to the Priſm, and the 
Horizon, and diſtinguiſhed by à perpendicular 
tranſverſe Line into two Halves, the one of an in- 
tenſely blue Colour, the other intenſely Red: If the 
refracted Angle of the Priſm (i. e. its two Sides 
thro which the Light paſſes to the Eye) be turn- 
ed upwards, ſo that the Paper may ſeem to be lit- 
ted upwards by the Refraction, its blue Half will 
be lifted higher by the Refraction, than its red 
Half; but if it be turned downwards, ſo that the 
Paper may ſeem to be carried lower by the Re- 
fraction, its blue Half will be carried ſomethin 

lower thereby than its red Half; becauſe in bark 
Caſes the Light which comes from the bluc Half 
of the Paper thro the Priſm, to the ye, is more 
refracted than that which comes from the red Halt. 


A DESCRIPTION of the 
Condenſing ENGINE with 
is Apparatus. e 


e 


s S a Syringe or Syphon for injectin 
N Ait firSthe Vell aaaa of Ki 
© Fig. 9. A Mercurial-Gage made with a Glaſs 
Tube cc fixed into a Piece of Wood, to know 
by the riſing of the Mercury in the Veſſel a4 4 4. 
Hg. 7. bbbb repreſent the Braſs Heme- 
ſpheres; g, a Cock to keep the injected Air from 
coming out; ee, a hollow Piece of Braſs thro' 
which the Air is injected; 4d a Braſs Plate to 
ſhur up the bottom of the Veſſel 4, 44; a one 
of the Braſs Rings to hang the Weights on to 
draw the Hemiſpheres aſunder. 
Fig. 19. k, the othef Braſs Ring for the a- 
bovementioned purpoſe ; 44 4a is a Glaſs Veſ- 
{cl 
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ſel armed with: Braſs Hooks at c, the better to 
kecp in the Air condenſed upon the Hemiſpheres 
bbbb within the ſaid Glaſs 5, a Piece of Braſs 
ſcrewed to the upper Hemiſphere to ſuſtain it by lf 
help of the Pieces e, e, g, hanging upon the - 
| Heok k, whilſt the Weights in the Scale draw the | 
lower Hemiſpheres from it, and without letting ö 
out the condenſed Air. h, h, a Board with two 
{crewed Pillars to fix the upper and lower Braſs 
Plates to the Braſs Voeſſel, 4 a; the up ber Braſs 
Plate repreſented in Hg. 8. with the Collar of 
Leathers 1401 that the Piece e, e, of Hg. 7. may 
flip up and down without 2 out the Air. 

If the Air be exhauſted out of the Hemiſpheres 
(joined only by a wet Leather) it will require 
thirty Pounds to draw them afunder ; if the Den- 
firy of the Air in the Veſſel 4 4 4 a be doubled .- 
by the Quantity of injected Air on the duffle 
the Hemiſpheres, tho” the Air is not drawn out 
from between them, it will require as much 

00 t to draw them aſunder, as before; and 
double that Weight if there is a Vacuum between 


wk #; 7, 77S „„ = FOE Fa F 0 548 SH" 
the Hemiſpheres ; or if the Air is three times as 
denſe as at firſt. And if the Air being three times 
as.denfc as at firſt, there be Vacuum between the 
* Cc He- 


Homiſpheres, it will) require three times the- 
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Weight, namely three hundred and AY Pound. 
to _—_ them Go: 
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ADz5cxterion of Koi: 
\ HORARY, or Machine to repreſent 


the Motion of the Moon about the Earth, 
andthe Earth, Venus and e about 
the Sun. Wn - 


l 8 mm e that Part of 


1 #1 che Planetary Syſtem, according to Ca- 


CA 


2B pernicur, which is circumſcribed: by the 
Earth's Motion round the Sun, or con- 

tain d within the Orbit that the Earth deſcribes. 
about the Sun. 


The flat ' Sibutr Ring which incompaſſes the 


ak be = 


whole Work upon the upper Face of the Move 
nent, repreſents the Plane of the Ecliptic, and is 


divided i into rclye cue Parts, which are the 


40 RE. 


. F a - 


% GE 
twelve Signs of the Zodiac; each Part is agam 
ſubdivided into thirty equal Parts, which are tlie 
Degrees of each Nu, there being thice hundred 
and ſixty of theſe in the whole Circumference: 
This Plans of the Ecliptic paſſts*thre"- the uns 
Centre, and che Emvth's Centre is carried round 
the Hun in the ſame Plane; fo that no Body can 
be in a direct Line between the Centres of the 
Earth and San, uuleſs that Body be in the Plane 
of the Zoliptic, it taking its Name from - Eclip- 
fes, which never happen but wRen the Moon is {i 
Or ncar this Plane: BY | \ | 8 1 Log Bow! 71) HIT FR} 3k 
The Phces of alb the Planets a 


| ure determined by 
their Situations in reſpeck to the Sign of the . 
« ; b oa, XF x m h a - e = wa 4 e Pow * 
diac, beginning to feckon front Aries,” and by 
their being in or out of the Plan of the Eclyp- 
. 0 .. . LE 2 1 : r 0 er 
N ; their Piſtance in PFPOES mning 
of - Apis is their Lomi 


cliptic. 
ch primary Planet moves in an Orbit, whoſe 
Plane paſſes thro the Sms Centre ; and ſince on- 
(CC 2 ly 


6 


"0 Earth of all the primary i moves in 
hy Eclipti 86g, CVEEY- ONE. of the other , muſt; conſc- 
quently! pak; thro” the Plaus of the Echpyic- at 
two oppoſite Points call'd e 

The. rg moves in an Orbit, whoſe. Plane 


Earth's > Centre. The two oppo- 
pales theo! hs where the ſaid Orbit cuts tlie Nas of 
the. Ecliptic, bein Sing the Moon's Nodes, which are 
repreſented. in the Machine by two Studs; and 
ſince the Nodes. are always in the Plane of the 
Ecliptic,. if the Adaon. happen to be in either of 
them, when the are in a Line _ the n and. 
Earth, there will be an Eclipſe ; twill be of the 
Moon, · if the Earth is between the Sun and 
2 and of the Sun, if the Moon is between 
the Sur and Earth 
The Centre of each Plauer 8 Orbit not bn 
che Hens Centre, its Diſtance from it is l 
Fey, ; upon this Account the . 
rec fs om, and ap 1 towards the Sun at 
different times. 
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© "Theſe Definitions being premiſe: 


The large gilt Ball in the Centre repreſents ithe 


Sin, which you may obſerve to turn round upon 
a fi d Axis, inclined to the Plane of the Eclipric, 
in an Angle of about Eighry-two Degrees or cight 
Degrees diltmer from a Perpendicula. 
he innermoſt mall Bal 
ry, which revolves round the Sun in an excen- 
trick Orbit, with a proper Degree of Inclination 
to the Plane of the Eclipric. 888 2 
The next ſmall Ball is Venus, commonty cal. 
led the Evening or Morning-Star, which here re- 
volves round in an Orbit ot due Jnclination and 
Excentricity. © 1 B 
The outermoſt painted Ivory Ball repreſents 
the Earth, which revolves round the d in its 


% 
1 


ert Orbit, and at the fame time has a ſwifter 


is the Planet Mercu- 


tation upon a Steel Axis, which Axis always 


ſtands inclined to the Plane of the Ecliptic in an 
Angle of Sixty-ſix and half Degrees, or Twenty- 
three Degrees and half from a Perpendicular, and 
points the ſame way during the whole Revolution, 
tt being always parallel ro one and the fame 


Line ; 


1 
Line; that is, if a fix d Star be ſuppoſed at an 
Diſtance, the Earth ſhall-almays point 


* 1 . 8 Loan 9 
to it, what Part ſoe ver of its Orbit is 


in the two 


d 


in 


there 


' . 


is. hereby c 


expreſſes oh 
ſhaded 


F 
oF VP 
* 


199. 
fliaded Part of the Aion, or tlie Part not pigs 
ned by the Sun; and thereby is exhibired how 
much is enlightened of that Part of the Moon 
which we ſce from the Barth; that is, what Phaſis 
or Appearance the Aon has at any time. 
Wßhereby is ſheuwn how faf any Part of the 
Earth moves round in a-deterniinate Number of 
Nous ee Et. 
The Circle on the Moon's Orbit is divided into 
Twenty-nine Parts and half, which repreſents tlie 
Days of the Mans Age, that being the Period 
from New Moon to New Moon. The Number 
in the ſmall Circle adjoining to the Moons Orbit, 
repreſents the Number f Moons or Lunar- 
3 T OT ane H190 
The Number which appears in a ſmall Hole 
made on the great gilt Plate ſhews the Tear. 
From theſe Meafures of Time you will find the 
Sun revolves upon his Axis in about 25 Days. 
Mercury revolves round the Sun in about 87 
e 3 any ong on s 
Vemæ revolves round the hn in about 224. 
Days, and TB TOS... 
The Earth revolves about the dn in 365 Days 
6 Hours, and about its own Axis in 24 Hours. p 
| — tay => ws 
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And the Nodes of the Mſoon have a'retrograde 
Re volufion am het Orbit in about 18 Fears and 
e ni 350 o eile rr 
All which Motions nearly agree ' with: thoſe in 
hie Heavens: {ori is 260 C tif S2ENESGT A 10 
S0. That if this Aſovement be: fer: to any given 
Time, ſo as: to repreſent the Situations of the 
Earth, Sun, and Planets, in reſpect to each o- 
cher, and be afterwards ſet a going, it willi then 
truly repreſent the Situation of rhe: Planets, with 
regard to each other for any given Time, paſt or 
to come. Only this. you muſt obſerve, that the 
Proportion of the Orbs of the Planers, in reſpect 
of the Bulls. of the Bodies, and the Proportion 
of their Bulks to each other, could not be perfor- 
med in ſo ſmall a Model as this is; but that may 
in ſome Meaſure be remedied by making the fol- 

lowing Allowan ces. 
Suppoſe the Diameter of the Moon s Orb to 
be ſixty Diameters of the Earth, and the Diame- 
ter of the Earth's Orb round the. S 300 times 


the Piameter of the Moons Orb; and the Orbs of 
Venus and Mercury to bear the ſamt tion 


to the Earth's, as they do. in this: Machme. © 
ee LS 1 12A neo 3005 Hu Ei 
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Then for the Bodies, imagine the Earth to be 
in Diameter a little more thẽn 3 times and half 
eater than the Moon, or in Bulk near 51 times. 
uppoſe Venus about as wy as our Earth, and 
Mere about as large as the Moon. - 
And Laſily, Suppole the Sun to be near 100 
times larger in Diameter than the Earth, that is in 
Bulk one Million of times larger. 
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Printed for, and Sold by B. CRE ARE, at 
the Bible and Inl-Botile in Jermyn- Street, 
St. James's; and J. SACKFIELD, in 

Lincoln-Inn-S quatre. 


HE Mandate of his Eminence, Monſeigneur, the Cardi- 
| pal de Noailles Arch-biſhop of Paris, in French and En- 
1055 with the Act of Appeal, and Extract of the Regi- 
2 ſters of the Chancery, the Church, and Univerſity of 
Paris, of the 11th of Spt. 1718. As alſo the Extracts of the Re- 
giſter of the Concluſion of the Metropolitan Church of Paris, from 
the Paris Edition, put out by the Cardinal's Order. Juſt Publiſh'd. 
Price 15. 5 1 


ö | An E SSAY towards the Cure of | Religious Melancholy, in a Let- 
ter to a Gentlewoman afflited with it: Penn'd for her Uſe, and 
Publiſh'd at her Requeſt. Price Bound 23. 5 


- Geography Epitomix d, or, The Loudon Gazetteer : Or, A Geographi- 
cal Hiſtorical Treatiſe of Europe, Aſia, Africa, and America, with 
their ſeveral Empires, Kingdoms, Principalities, States, Provinces, 
Iſlands, Counties, Biſhopricks, and chief Cities of the World; de- 
ſcribing their Situations, Oc. _ - Account of the Inka 
—_— „ EE 2 ; | their 


CATALOGUE. 


their Behaviour, Manners, Politicks, Religion, &@c. Rivers, Produ- 

ction of Soil, Rarities, Nature, and Riches: Likewiſe, their Re- 

venues, Government, Force, Antiquities ; with a Diſcription of K. 

George's Dominions in Germany. To which is added, An Introdu- 

os bo Geography, and Knowledge of the Globes and three Ta- 
les, Cc. 


A pas and Hiſtorical Account of the ſeveral Empires, 
Kingdoms, Republicks, and Sovereignty's of Europe; with an exact 
Liſt of all the Capital Cities, Univerſities, Primaces, Archbiſhopricks 
thereof, with the Names of the reſpective Princes, their Ages, Iſſue, 
Parents, Relations, Religion, Alliances, Titles and Pretenſions; to- 
gether with an Account of the moſt Noted Sca-port Towns up- 
on Navigable Rivers, and Strong Places: A Delign as New as: it is 
Uſeful for all. thoſe who deſire ta have any Knowledge of. the Preſent 
State of Europe. Pr. 15. T 


Memoirs of the Life of Sir Stephen Fox, Knt. from his firſt En- 
try upon the Stage of Action under the Lord Pierqy, till his Death, 
with. many curious Incidents and Paſlages, not mention'd in the Lord 
Clareudon s Hiſtory, in the Reigns of t . and James, the 
2d. K. William, and Q. Anne, and the two hiſt Tears of K. George; 
with an Account of his diffuſive Charities and Benedictions, as alſo 
his laſt Will and Teſtament, his Legacies bequeath'd to his Relati- 
ons. and Friends. A Copy of the Schedule annex'd to his Will, 
faithfiilly extracted from the Prerogative Office in Dofors-Commons. 
The Second Edition. Price ſtich'd 13. V 
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Memoirs of the Durtcn.Trape in all the States, Empires, and 
Kingdoms in the World. Shewing its firſt Riſe and amazing Progreſs: 
After what Manner the Duron manage and carry on their Com- 
merce; their vaſt Dominions and Government in the Indies, and by 
what Means they, have made themſelves Maſters of all the Trade of 
EukxoPs. As. alſo what Goods and, Merchandize are proper for 
Maritime. Traffick, whence they are to be had, and what Gain and 
Profit they produce, A_TREATISE very neeceſſary for e- 
very EncLisHMAN. Tranſlated from the French, now Printed at 


Amſterdam, By Mr. Samber, The Second Edition. 
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WAG * of our Trade in General, and the Particular Influence 
of it on Great-Britain. II. The Marks of a beridficiat 
Y Trade, and the Nature of our Commerce in its ſdbheral 
Branches; with an Examination of ſome Notions generally recefe 
of the Prejudices we ſuffer by other Nations in Trade. III. The 
great Advantages of our Colonies and Plantations to Great-Britain, and 
our Intereſt in choc gy; d Encouraging Them 3 and how They may 
be farther Improved. IV. Some Conſiderations on the Diſadvanta- 
ges our Trade at preſent labours under, and for the Recovery and Eu- 
largement of it; of the Affiento Contract; of our Trade to Spain; &c. 
Together with Conſiderations on our Money and Bullion. Its 
Exportation diſcuſs'd. Scarcity of Silver Coin accounted for. The 
Means of procuring a Plenty and Free Circulation of both Species. 
The Second Edition. Price 55. | | 


The Laws of Jamaica, paſs'd by the Governours, Council and Aſ- 
ſembly, in that Ifland, and confirm'd by the Crown. To which is 
prefix'd an Account of Jamaica. The Second Edition. 


Survey of Trade. In Four Parts. I. The great Advanta- 
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